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ABSTRACT 
 
Azospirillum brasilense Sp245, a well known PGPR (plant growth-
promoting rhizobacteria), has been considered in order to evaluate the 
effects on the nursery propagation, and especially to test the ability of the 
inoculated bacterium to improve rooting parameters for some rootstocks 
which do not easily root by means of conventional techniques. Nursery 
trials, laboratory trials, growth observations of the obtained vines, and 
experiments on the drought resistance of inoculated plants, were 
performed along three years, from 2008 to 2010. The nursery trials were 
executed in a conventional nursery and in an organic one, during the 
scheduled daily work of the host nurseries; plant material was furnished 
by the nurseries as well. A significant increase in the callus diameter was 
observed in inoculated grafted cuttings at the end of the grafted cuttings 
forcing (a two-weeks period at 25°C and high humidity rate). As to the 
rooting parameters, while the rooting percentage was not significantly 
affected, an improved quality of the root system was observed in the 
second year, especially as to the number of roots and the total biomass of 
the rooted vines. The chemical analyses of plant material revealed that 
roots of inoculated plants had greater dry matter, and greater 
concentrations of total phenols (in this case in leaves as well). Laboratory 
trials comprised also the isolation and morphological and molecular 
characterization of bacterial cells found in the grapevine tissues; different 
bacterial species were identified, some of these (such as 
Stenotrophomonas sp., and Lysobacter sp.) not yet known to be capable 
of living as endophytes in grapevine tissues. No cells of Azospirillum 
brasilense were found inside the examined tissues, suggesting that the 
observed inoculation effects might not depend on the penetration of the 
bacterial cells inside the plants. Growth measures on obtained vines, 
whether in pots or in field, showed that the number of nodes was in 
general higher in inoculated plants, even if not significantly. The stomatal 
conductance of the leaves of the treated plants was lower than the 
control, suggesting an increased resistance of the treated plants to 
drought stress (for the rootstocks 420A and 775P - second year trials), 
and, possibly, to plant pathogens. Moreover, the experiments of drought 
simulation showed that the shoots growth in the treated plants was not 
affected by the stress, nor was the stomatal conductance, implying that 
the bacterial treatment could somehow protect plants during drought 
conditions. This effect of the bacterial inoculation could be ascribed to 
the induction of systemic resistance in the host plant, possibly via a 
bacterial MAMP (microbial-associated molecular pattern), which elicited 
a variety of plant defence responses; some of the typical plant defence 
responses to MAMPs have been actually found in this work, such as the 
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accumulation of phenolic compounds, and the stomatal closure. The 
possibility that the Azospirillum brasilense Sp245 treatment could induce 
systemic resistance to biotic and abiotic stresses in grapevine could be of 
great importance, whether in nursery propagation or in grape production. 
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INTRODUCTION 
Plant-microbe interactions 
There is a growing worldwide demand for sound and ecologically 
compatible techniques in agriculture, capable to provide sufficient food for 
the increasing human population; the beneficial plant-microbe interactions 
can play a key role in this major challenge, as they fulfil important 
ecosystem functions for plants and soil. Though over the past 150 years 
bacteria and fungi have been repeatedly demonstrated to promote plant 
growth and suppress plant pathogens, this knowledge has yet to be 
extensively exploited in agricultural biotechnology (Berg, 2009). 
The most studied plant-microbe interactions are arbuscular mycorrhizal 
symbiosis and root nodule symbiosis; many other microbes live in natural 
habitats as endophytes and epiphytes (Kawaguchi and Minamisawa, 2010) . 
Recent inputs from genomics and bioresources can give us a deeper 
understanding of plant-associated microbial communities, offering exciting 
opportunities for controlling crop growth in sustainable agriculture 
(Bisseling et al., 2009).  
Soil microbial populations are immersed in a framework of interactions 
that affect plant adaptation and soil quality; the rhizosphere, that is the soil 
affected by activity of the roots, is the site where plant-microbes 
interactions take mainly place. Plant-associated bacteria ensure the stability 
and productivity of both natural and managed ecosystems; these 
microorganisms can change plant cell metabolism, so that upon exposure to 
stress the primed plants can respond more quickly and more efficiently than 
non-primed plants (Compant et al., 2005b). 
Certain favourable plant-microbe interactions can be exploited, as a low-
input biotechnology, in sustainable, environmentally-friendly, agricultural 
practices. Much research is needed to better understand the diversity, 
dynamics, and significance of rhizosphere microbial populations and their 
co-operative activities (Barea et al., 2005).  
Beneficial plant-microbe interactions have since long stimulated the 
development of microbial inoculants for use in agricultural biotechnology; 
the market for these products is continuously growing worldwide, with an 
approximated annual growth rate of 10%, but anyway it remains very 
limited in comparison to the market of conventional agricultural products. 
Nevertheless, the potential of this agricultural biotechnology remains 
largely unexploited. Genomic technologies and inter-disciplinary research 
can lead to commercial products with more predictable and consistent 
effects. In this context, it is very remarkable that the complete genomic 
structure of the cultivated rice endophyte Azospirillum sp. B510 has been 
recently sequenced (Kaneko et al., 2010). 
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The main bacterial genera for plant growth promotion are Azospirillum and 
Rhizobium, whereas Bacillus, Pseudomonas, Serratia, Stenotrophomonas 
and Streptomyces are the bacterial genera most involved in plant health 
protection. The ability to colonize roots has been considered the most 
important factor for inoculum efficacy as regards both crop yield 
enhancement and disease control. Direct plant growth promotion by 
microbes is based on improved nutrient acquisition and hormonal 
stimulation; beneficial bacteria often alleviate stress conditions by 
increasing root growth or changing root morphology. A series of different 
mechanisms is involved in the suppression of plant pathogens, which is 
often indirectly connected with plant growth (Berg, 2009). As regards this 
kind of symbiosis that enhances plant growth and protection, studies at the 
molecular level are needed in order to focus on the involved signals 
between plant and beneficial microorganisms (Aroca, 2010). 
The use of inoculants and the exploitation of beneficial plant-microbe 
interactions promise an array of environmentally friendly strategies for 
conventional as well as for organic agricultural practices worldwide. For 
instance, as the amount of the applied fertilizer taken up by plants is 
usually very low, ranging between 10% to 40% depending on soil 
characteristics, there is a need for lowering the loss of nutrients, that often 
results in harmful environmental effects; some inoculants can improve 
plant uptake of nutrients and thereby increase the use efficiency of applied 
chemical fertilizers and manures (Adesemoye and Kloepper, 2009). As the 
rhizosphere is the ecological niche where beneficial bacteria and 
pathogenic microorganisms live and feed, a competition takes place 
between different taxa and strains; hence, protection against plant 
pathogens may be a consequence of direct antagonistic interactions 
between beneficial rhizosphere-competent bacteria and pathogens 
(Mercado-Blanco and Bakker, 2007). In this case, bio-control agents 
belonging to the above mentioned bacterial genera are commercially 
provided for use in agriculture. Other beneficial bacteria induce plant 
responses that are different from plant growth, promoting a state of 
enhanced defensive ability against pathogens. The so-called “primed” state, 
that is a part of this induced-resistance phenomena, can make plants able to 
better respond to biotic and/or abiotic stresses (Beckers and Conrath, 2007; 
Dimkpa et al., 2009). Some beneficial bacteria that are involved in the 
increase of plants‟ defence capacity or in the enhancement of drought 
tolerance, have been demonstrated to potentiate respectively the expression 
of defence genes (Conrath et al., 2006) and of drought-response genes 
(Yang et al., 2009). In these cases, it seems that the plant response is not 
directly related to the presence of the beneficial microorganisms in the 
rhizosphere or as endophytes in the plant tissues, and that the physiological 
changes that are observed in the plant could be somehow durable.  
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The genus Azospirillum 
Azospirillum brasilense belongs to a genus of free-living, aerobic Gram-
negative bacteria, that fix N2 under microaerobic conditions. The 
Azospirillum species are highly motile, displaying a mixed pattern of 
flagellation, which offers these microrganisms the advantage of moving 
towards favorable nutrient conditions. They have been isolated in particular 
from the rizosphere of cereals and grasses, in soils with low organic content 
and low doses of nitrogen fertilization (Dobbelaere et al., 2002). They are 
able to penetrate the roots and grow endophytically in the intercellular 
spaces; they have been isolated from a large variety of soils and locations 
worldwide, in tropical and temperate regions (Steenhoudt and 
Vanderleyden, 2000). 
The Azospirillum species are plant growth promoting rhizobacteria 
(PGPR), which positively affect growth and yield of many plants of 
agricultural and ecological importance (Bashan et al., 2004). Since the 80s, 
Azospirillum species have been extensively studied for their potential in 
improving the growth and yield of cereal crops, particularly in sub-tropical 
regions, firstly speculating that their ability in freely fixing nitrogen could 
improve soil fertility and increase nutrient uptake of plants. In the last 
years, much evidence has arisen that the beneficial effects of Azospirillum 
species depend on an array of contributions, such as production of phyto-
hormones and other bioactive substances, rather than the bacterial nitrogen 
fixation. Three facts emerge about the relationship between Azospirillum 
and crops: 
 Many strains produce phytohormones in vitro or in association with 
plants; 
 A general positive growth response in a lot of treated plant species 
has been obtained; 
 Only a fraction of fixed nitrogen is transferred to the inoculated 
plant.  
Multiple mechanisms are currently suggested to explain the beneficial 
effects on plant growth (Bashan and de-Bashan, 2010).  
Azospirillum is used in many countries as bacterial inoculant, alone or 
together with other bacteria and vesicular arbuscular mycorrhizal (VAM) 
fungi, for many crops (Bashan et al., 2004). Inoculation with A. brasilense 
can increase wheat grain yield by up to 30% in field conditions, but only at 
low rates of nitrogen fertiliser (Kennedy et al., 2004). Beneficial effects 
have been observed also for rice (Yasuda et al., 2009), banana (Mia et al., 
2010), tomato (Bashan and de-Bashan, 2002), and other important crops. 
A significant increase in both shoot and root biomass and a higher total 
nitrogen content was obtained in Casuarina cunninghamiana when 
inoculated with Azospirillum brasilense (Rodríguez-Barrueco et al., 1991). 
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The effects on yield have not been reported to be always positive; they 
depend on the bacterial strain, the inoculated plant cultivar, and the 
environmental conditions (Pandey et al., 1998). In particular, temperature 
has turned out to be of crucial importance when this bacterium is 
inoculated in winter crops, where responses can be low or non-significant 
(Kaushik et al., 2001). Hence, the growth response of inoculated crops is 
not completely predictable (Hartmann and Bashan, 2009); nevertheless, 
much progress has been made in this field, and the practical field 
application of Azospirillum is expanding worldwide, especially in Central 
and South America. In Mexico in 2007 there have been estimated 300,000 
ha inoculated fields, while in Argentina over 220,000 ha of wheat and corn 
were inoculated in 2008.  
Production of phytohormones and other plant growth regulators 
IAA 
Azospirillum species can produce plant hormones, such as indole acetic 
acid (IAA), gibberellins and ethylene (Bashan et al., 2004). The 
quantitatively most important phytohormone produced by Azospirillum is 
the IAA (Steenhoudt and Vanderleyden, 2000); it can be produced by 
several strains of Azospirillum, in dependence of culture medium and 
availability of tryptophan as a precursor; the observed auxin effect of wild 
type strains A. brasilense Sp245 and Sp7 on wheat was enhanced by adding 
tryptophan (Dobbelaere et al., 1999). Auxin production by Azospirillum 
species plays a major role in plant growth production; the auxin-type 
phytohormones affect root morphology and improve nutrient uptake from 
soil. This effect may be more important than the N2-fixing activity (Barea 
et al., 2005). The increased rooting enhances root exudation, which, 
stimulating bacterial colonization, amplifies the inoculation effect (Spaepen 
et al., 2007).  
 In A. brasilense Sp245 the ipdC gene, encoding indole pyruvate 
decarboxylase (IPDC), a key enzyme in the pathway of IAA biosynthesis, 
was isolated and characterized (Bashan, 2004; Spaepen, 2007). The 
enzyme IPDC mediates the conversion of indole-3-pyruvic acid (IPyA) into 
indole-3-acetaldehyde (IAAld), which is oxidized in IAA. The expression 
of this gene, along with IAA production, increased in A. brasilense when 
growth rate was reduced under carbon limitation and acidic pH, suggesting 
a relationship between entry in stationary phase of the bacterium 
population and IAA biosynthesis (Spaepen et al., 2007). 
 Another IAA pathway, involving tryptamine, was identified in 
Azospirillum. A tryptophan-independent IAA biosynthesis pathway was 
also demonstrated in A. brasilense; this pathway is predominant in case that 
no tryptophan is supplied to the medium (Spaepen et al., 2007). 
INTRODUCTION 
5 
 
Cytokinins 
Zeatin, a natural cytokinin, was found in culture supernatants of two strains 
of A. brasilense, Cd and Az39 (Perrig et al., 2007). 
Gibberellins 
The beneficial effect of Azospirillum species on plants could be partially 
caused by the production of gibberellins: application of these plant 
regulators had similar effects on plants to those caused by Azospirillum 
inoculation, as regards increasing root hair density. Treatment of GA20–
glucosyl esther-supplemented dwarf rice (which can not synthesize 
gibberellins) with A. brasilense resulted in a stimulation of plant growth; 
this effect was due to the ability of A. brasilense to metabolize exogenous 
GA20 into the biologically active GA1 (Cassan et al., 2009). This evidence 
suggests that an enzyme similar to that operating in plants is involved in 
gibberellins biosynthesis in these bacteria (Tsavkelova et al., 2006). 
Ethylene 
Ethylene is a plant regulator involved in several physiological aspects; high 
levels of this phytohormone can be synthesized as a response to biological 
or environmental stresses, causing wilting and senescence, and the 
reduction of these levels can prevent losses of harvest in agriculture. 
Microrganisms which can lower ethylene levels in plants are considered to 
have potential for promoting growth. One of the precursors of ethylene 
synthesis is 1-aminocyclopropane-1-carboxylic acid (ACC); a key enzyme 
in the degradation of ACC is ACC deaminase, commonly found in many 
soil microrganisms and PGPBs. ACC deaminase cleaves ACC, yielding 
ammonia and alfa-ketobutyrate as by-products. Wild Azospirillum species 
do not have ACC deaminase (Bashan et al., 2004); though, the ACC 
deaminase gene which reduces ethylene levels was identified in the 
recently sequenced genome of Azospirillum sp. B510 (Kaneko et al., 2010). 
Some strains of Azospirillum can produce ethylene (Thuler et al., 2003; 
Perrig et al., 2007). 
ABA 
Abscisic acid (ABA) was found in culture supernatants of two strains of A. 
brasilense, Cd and Az39 (Perrig et al., 2007). It was recently found (Cohen 
et al., 2008) that A. brasilense Sp 245 is able to synthesize ABA in vitro 
and to increase its production in presence of NaCl. 
Other plant regulators 
Polyamines are low molecular weight organic polymers that display 
biological activity in plant growth, development and stress mitigation; in 
particular, they have shown anti-senescence activity. Some polyamines 
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were found in culture supernatants of two strains of A. brasilense, Cd and 
Az39 (Perrig et al., 2007) and in Azospirillum species (Thuler et al., 2003). 
Between the polyamines, cadaverine seems to be the most important plant 
regulator (Cassan et al., 2009); it was hypothesized that bacterial 
cadaverine plays a role in growth promotion and abiotic stress mitigation in 
Azospirillum-inoculated plants.  
Improvement of root development, mineral uptake, and plant-water 
relationships by Azospirillum 
The most important outcomes of Azospirillum inoculation are changes in 
root architecture, such as root elongation, development of lateral and 
adventitious roots, development of root hairs. 
In addition to affect root parameters, plant inoculation with Azospirillum 
can affect many foliage parameters. Enhancement in uptake of NO3
-
, NH4
+
, 
H2PO4
-
, K
+
 by Azospirillum was proposed to cause an increase in foliar dry 
matter and accumulations of minerals in various aerial parts of plants. 
Increased mineral uptake by plants has been suggested to be due to a 
general increase in the volume of the root system and not to any specific 
enhancement of the normal ion uptake.  
Beyond increasing mineral uptake, Azospirillum inoculation improved 
water status of stressed Sorghum plants; inoculated plants had more water 
in their foliage and a higher leaf water potential than non-inoculated plants.  
It is likely that improved mineral and water uptake play a vital role in 
Azospirillum-plant association. However, the descriptive data presented so 
far have not shown whether these improvements are the cause or the result 
of other mechanisms such as hormonal balance (Bashan and de-Bashan, 
2010).  
Mitigation of stresses 
As the most important effects on plant growth and yield with Azospirillum 
have been obtained in limiting environments or when the conditions were 
sub-optimal, a rational explanation for these effects could be that the 
bacteria can reduce plant environmental stresses, providing more 
favourable conditions for plant growth (Bashan and de-Bashan, 2010). 
Types of Azospirillum-mitigated environmental stresses include drought, 
salinity, heavy metals toxicity and extreme pH conditions. 
Rhizosphere bacteria 
The rhizosphere is the zone of soil influenced by roots through the release 
of organic compounds that affect microbial activity as substrates; it is a 
dynamic environment where microrganisms play a major role influencing 
plant growth and health. Soil-borne microrganisms interact with plant roots 
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and soil constituents at the root-soil interface, where root exudates and 
decaying plant material provide sources of carbon compounds for the 
heterotrophic biota (Bisseling et al., 2009); (Barea et al., 2005). The 
different physical, chemical and biological properties of the soil that is 
associated to roots are responsible for changes in microbial diversity and 
for increased population and activity of rhizosphere microorganisms 
compared with those of the root-free bulk soil. Microbial colonization can 
concern the root surface (rhizoplane) or the adjacent volume of soil under 
the influence of the root (rhizosphere); moreover, certain microorganisms 
are able to colonize root tissues (endophytes) and promote plant growth. 
Microbial groups found in the rhizosphere include bacteria, fungi, 
nematodes, protozoa, algae and microarthropods; they utilize the large 
amount of organic compounds that plants release in the rhizosphere. 
Among these microrganisms, some exert deleterious or beneficial effects 
on plants. In the first group there are pathogenic fungi, bacteria and 
nematodes; in the second one there are nitrogen-fixing bacteria, endo- and 
ectomycorrhizal fungi, and plant growth-promoting rhizobacteria (PGPR) 
and fungi (PGPF) (Raaijmakers et al., 2009). However, the ultimate 
boundaries between a mutualistic and a pathogenic interaction can be fuzzy 
and the recognition and signal-transduction leading to the plant response 
may be similar for both types of interaction (Mercado-Blanco and Bakker, 
2007). There are several modes of action by which these microrganisms 
can be beneficial to plant health, which can be related to an indirect or a 
direct positive effect. Biocontrol microrganisms have indirect positive 
effects on plants, affecting adversely the population density, dynamics and 
metabolic activities of soilborne pathogens, mainly through competition, 
antibiosis, lysis, and hyperparasitism. Competition takes place for space 
and nutrients at the root surface; competitive colonization of the 
rhizosphere and successful establishment in the root zone is a prerequisite 
for effective biocontrol. Antagonistic microorganisms can often produce a 
range of different antimicrobial secondary metabolites, and/or extracellular 
lytic enzymes. Hyperparasitism is well documented for Trichoderma; it 
involves secretion of chitinases and cellulases, contact with the pathogen, 
coiling of hyphae around the hyphae of the pathogen, enzymatic digestion 
of its cell wall, and penetration. Direct positive effects on plants are exerted 
by rhizosphere microorganisms which can promote a phytostimulation and 
a biofertilization of plants; these processes involve production of 
phytohormones, non-symbiotic nitrogen fixation, and the increase of 
availability of phosphate and other nutrients in the soil. In addition, many 
rhizosphere microorganisms can induce a systemic response in plants, 
activating plant defense mechanisms. 
Rhizosphere microbiomes typically differ between plant species (Bisseling 
et al., 2009). Plants seem able to influence the composition of the microbial 
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community around their root systems through the exudation of specific 
carbohydrates, carboxylic and acids and aminoacids; adult plants exude 
20% of photosynthetically fixed carbon into the rhizosphere. The 
relationship between host and rhizobacteria are so intimate that the 
composition of rhizobacterial communities can be cultivar-specific (Sturz 
et al., 2003).  
PGPR are defined by three intrinsic characteristics: they must be able to 
colonize the root, they must survive and multiply in micro-habitats 
associated with the root surface, and they must promote plant growth 
(Barea et al., 2005). Azospirillum is one of the best characterized genera of 
PGPR; extensive studies throughout the years have shown that 
Azospirillum species are versatile PGPR, able to enhance the plant growth 
and yield of a wide range of economically important crops in different soils 
and climatic regions (Somers et al., 2004). It is generally believed that 
Azospirillum enhances plant growth by producing plant hormones 
(Steenhoudt and Vanderleyden, 2000); these growth-promoting substances 
stimulate root hairs and increase root surface area, improving the utilization 
of water and mineral nutrients. Inoculation of maize with Azospirillum 
brasilense resulted in a proliferation of root hairs and an increase of root 
surface area; it has to be stressed that root surface area is far more 
important than root weight in reflecting the volume of soil explored 
(Vessey, 2003). 
Attachment of PGPR to the roots of higher plants 
The establishment of the microbe–plant interaction is preceded by 
movement of the free-living microorganisms toward the plant roots. 
Chemotaxis to attractants which are present in plant root exudates can be 
important in the establishment of bacterial cells in the rhizosphere 
(Mercado-Blanco and Bakker, 2007). Rhizospheric bacteria, such as 
Rhizobium, Azospirillum and Pseudomonas, associated with root surfaces, 
are embedded in the root mucigel and might also be encased in a self-
produced extracellular matrix, forming biofilms (Rodríguez-Navarro et al., 
2007). Attachment of A. brasilense cells to roots can be divided in two 
steps: a first phase, which involves a weak, reversible and unspecific 
binding governed by bacterial surface proteins, capsular polysaccharides, 
and flagella, and a second phase, irreversible, mediated by a bacterial 
surface polysaccharide. In the first step of attachment an outer membrane 
protein appears to be involved, exhibiting high affinity to cereal roots; this 
can explain the preferential association between Azospirillum and cereals 
rhizosphere. 
In a study of in situ localization performed with wheat roots and some 
strains of A. brasilense, bacterial cells were seen only in the rhizosphere, 
mostly in the root hair zone; in particular, cells of the strain A. brasilense 
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Sp245 were seen at high density population inside the root hair cells 
(Assmus et al., 1995). 
It was also showed the importance of the affinity between root exudates, 
whose composition depends on the plant genotype, and PGPR for an 
efficient colonization of the roots; in a study with wheat and A. brasilense 
Cd, bacterial cells survival depended on the composition of the plant 
exudates (Strigul and Kravchenko, 2006).  
Agricultural exploitation of PGPR 
The most intensively studied application for free living PGPR is 
agriculture; they present a real alternative to the use of chemicals for plant 
growth enhancement, thanks to the results of many studies on the effects of 
these microrganisms application on various crop plants, conducted over 
approximately the last twentyfive years (Lucy et al., 2004). The main 
benefits due to the addition of PGPR are increases in germination rate, root 
growth, yield, protein and mineral content, and tolerance to drought. 
Though, the use of these microrganisms to enhance crop yield has been 
limited by variability and inconsistency of results between laboratory, 
greenhouse and field studies. On the effectiveness of PGPR various factors 
of variability and uncertainty have had major roles: climate and soil 
variability, fertilization rates, soil moisture content, concentration of the 
inoculum (Dobbelaere et al., 2001; Strigul and Kravchenko, 2006; 
Mercado-Blanco and Bakker, 2007). With Azospirillum species, for 
instance, there have been cases of inconsistency as regards the conditions 
of fertilization. The relationship between the strain of the inoculated 
microrganism and the crop variety is another item in which there is a lack 
of comparative studies. 
A recent study, aimed at developing a mathematical model of PGPR 
inoculation into the rhizosphere, concluded that inoculation should be more 
efficient in nutrient poor soils (Strigul and Kravchenko, 2006). 
Bacterial endophytes 
Endophytic bacteria are defined as those bacteria that dwell intercellularly 
in association with plants for most, if not all, of their life cycles (Bacon and 
Hinton, 2007). These bacteria, that include anaerobic, aerobic, and 
microaerobic species, live within the intercellular spaces of plant, where 
they feed on apoplastic nutrients, as non-pathogens. Among them are 
comprised bacterial diazotrophs that do not form nodules on hosts, such as 
Azospirillum species, and some Rhizobium species. 
Endophytic bacteria have been isolated from a large diversity of plants 
(Rosenblueth and Martínez-Romero, 2006); in general they occur at lower 
population density than rizospheric bacteria or bacterial pathogens. This 
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community of endophytic bacteria can positively affect host plant growth 
(Long et al., 2008). 
Bacterial endophytes can be isolated from surface-sterilized plant tissues 
and do not visibly harm host plants. Presence of bacterial endophytes in 
plants is variable and, occasionally, transient; anyway, they are often 
capable of eliciting drastic physiological changes that modulate the growth 
and development of the plant. The association between plant and its 
endophytes can be long-term, suggesting an application for trees and 
grasses (Bacon and Hinton, 2007). Photosynthates represent sources of 
carbon, nitrogen and energy for plant-associated heterotrophic bacteria, 
making plants very attractive as nutrient reservoirs. Thus, microbes profit 
from plants because of the enhanced availability of nutrients, whereas 
plants can receive benefits from bacterial associates by growth 
enhancement or stress reduction. Bacterial endophytes can be found within 
a wide variety of plant tissue, including seeds, fruit, stems, roots and tubers 
(Surette et al., 2003). What makes bacterial endophytes suitable as 
biocontrol agents is their colonization of an ecological niche similar to that 
of phytopathogens (Ryan et al., 2008). 
Plants that propagate vegetatively can trasmit their endophytes to the next 
generation (Rosenblueth and Martínez-Romero, 2006). 
Endophytes can be strictly dependent on the host plant for their growth and 
survival (“obligate endophytes”); alternatively, “facultative endophytes” 
have a stage in their life cycle in which they exist outside host plants 
(Hardoim et al., 2008). The latter group probably comprises the vast 
majority of the microorganisms that can thrive inside plants. These 
endophytes often originate from the soil, initially infecting the host plant by 
colonizing, for instance, the cracks formed in lateral root junctions and then 
quickly spreading to the intercellular spaces in the root. Hence, to be 
ecologically successful, endophytes that infect plants from soil must be 
competent root colonizers. Endophytic colonization of the plant interior is 
presumably similar, at least in the initial phases, to colonization of plant 
roots by rhizobacteria. Competitive rhizosphere bacteria, for example 
members of the genera Pseudomonas (e.g. P. fluorescens), Azospirillum 
(e.g. A. brasilense) (Mano and Morisaki, 2008); (Pedraza et al., 2007) and 
Bacillus, are often also found as colonizers of the internal tissue of plants. 
A suite of environmental and genetic factors is presumed to have a role in 
enabling a specific bacterium to become endophytic. Inside the plant 
tissues, modulation of plant physiology by tinkering with the plant ethylene 
levels has emerged as a major strategy, because any effect on this plant 
stress signal has major impacts on the bacterial niche. How bacteria 
modulate plant ethylene concentrations is key to their ecological success or 
competence as endophytes. The concept of “competent endophytes” has 
been proposed as a way to characterize those bacteria that posses key 
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genetic machinery required for colonizing the endosphere and persisting in 
it. This is in contrast to “opportunistic endophytes”, which are competent 
rhizosphere colonizers that might become endophytic by coincidentally 
entering root tissue, but lack genes that are key to their ecological success 
inside the plant. Moreover, it is possible to distinguish “passenger 
endophytes” that, in the absence of any machinery for efficient root 
colonization or entry, might enter plants purely as a result of chance events. 
Recognizing true endophytic bacteria requires not only the isolation from 
surface-disinfected tissues but also microscopic evidence to visualize 
tagged bacteria inside plant tissues. Use of the term “putative endophyte” 
has been recommended in case there is no microscopic validation 
(Rosenblueth and Martínez-Romero, 2006; Mercado-Blanco and Bakker, 
2007). 
Isolation and detection of endophytes 
During endophyte isolation, several species can be found within different 
tissue types of the same host; therefore, used method must allow the 
recovery and separation of mixed species of bacteria. The initial sample 
sterilization is crucial for the success of isolation (Bacon and Hinton, 
2007). Pre-washing of plant material, surface sterilization, and plant tissue 
incubation are the main laboratory phases of the isolation work. As regards 
the surface sterilization, 5,25% sodium hypochlorite solutions for 3 to 5 
minutes for fresh plant material or for 15 minutes for seeds and woody 
stems are the most commonly used method for most plant material. 
Alternatively, 1% chloramine-T solution for 30 minutes can be used. To 
isolate bacterial endophytes from surface-disinfected plant material, two 
general cultivation-dependent methods are used: the plant tissue direct 
technique, which involves plating tissue directly onto an agar medium, with 
bacteria recovered by the cut ends of the tissue, or the physical extraction 
isolation techniques, which include vacuum or pressure extraction. For re-
inoculation of plants, bacterial inocula can be easily applied to the seeds; 
entry into the cells of the plantlet occurs through the roots.  
More recently, the development of cultivation-independent fingerprinting 
molecular methods based on 16S rRNA gene automated analysis allowed 
obtaining a more specific, replicable, and detailed description and 
characterization of endophytic bacterial community in plants (Bulgari et 
al., 2009).  
Exploitation of bacterial endophytes 
Endophytes are used for biological control of various plant deseases, as 
well as for enhanced plant agronomic characteristics, such as increased 
drought tolerance and nitrogen efficiency. Bacterial endophytes may be of 
particular interest as they have the advantage of being relatively protected 
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from the competitive soil environment; moreover, they usually grow in the 
same plant tissue where bacterial plant pathogens are detected (Bulgari et 
al., 2009). 
Their importance to crop production systems is only just beginning to be 
appreciated: so far, they have been shown to promote growth in potatoes, 
tomatoes, and rice, and they have been shown to be capable of inducing 
both biotic and abiotic stress resistance (Surette et al., 2003).  
As regards the control of plant deseases, that is the major use of endophytic 
bacteria, a large number of mechanisms are being proposed to explain this 
effect: production of antimicrobial compounds, macronutrient competition, 
siderophore production, induced systemic resistance. This array of 
proposed mechanisms reflects the high diversity of endophytic bacteria. 
The growth stimulation by endophytic bacteria can be a consequence of 
nitrogen fixation, production of phytohormones, biocontrol of 
phytopathogens in the root zone, or by enhancing availability of minerals 
(Rosenblueth and Martínez-Romero, 2006). 
Other possible exploitations of endophytes are the production of bioactive 
secondary metabolic compounds, including antibiotics, anticancer 
compounds, and volatile organic compounds (Guo et al., 2008), and the 
potential to improve phytoremediation (Ryan et al., 2008).  
Endophytes and agricultural practice 
Certain agricultural practices have been shown to influence the endophytic 
populations (Surette et al., 2003); as rhizobacteria represent a source of 
plant bacterial endophytes, complementary rotation crops can share the 
same or similar endophyte bacterial populations, and it can be possible to 
utilize beneficial relationships between plants and bacterial endophytes 
over successive crops. An example is shown by red clover – potato 
combinations: in these two crops, rhizobacteria are known to be able to 
promote or depress plant growth in their respective plant hosts; when plant 
and bacteria are complementary, the host and its resident rhizobacteria 
appear to benefit. A study (Sturz et al., 2003) showed that clover and 
potato share specific associations of bacterial endophytes, and that a 
proportion of these endophytes promote potato, as well as clover, growth. 
PGPR and bacterial endophytes in grapevine 
A little number of research reports on grapevine rhizosphere and its 
microbial populations is available. 
The xylem-inhabiting bacteria from a selection of grapevine (Vitis vinifera) 
cultivars in Nova Scotia were examined and the predominant genera, the 
majority of which being Gram-negative, were Pseudomonas and 
Enterobacter, with an overall population which ranged from 10
2
 to 10
4
 
cells per gram (Bell et al., 1995). Burkholderia phytophirmans was found 
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to thrive as an endophyte inside various plant hosts, including grapevine; 
moreover, strain PsJN was able to form epiphytic and endophytic 
populations with in vitro grapevine plantlets, colonizing stem and leaves 
through xylem vessels and eventually inhabiting sub-stomatal chambers of 
leaves (Compant et al., 2008). Bacterial movement in the stem of Vitis is 
relatively easy because vessels are plentiful, long, continous and open, so 
that rapid passive bacterial colonization is possible via the primary xylem 
(Chatelet et al., 2006). A recent study about endophytic bacterial diversity 
in grapevine characterized the bacterial community associated with 
grapevine leaf tissues, by means of both cultivation-dependent and 
cultivation-independent methods; the dominance of genus Pantoea was 
shown, other found genera being Curtobacterium, Bacillus and 
Enterococcus  (Bulgari et al., 2009).  
Use of PGPR and endophytes as biocontrol agents of plant 
diseases 
Plant diseases are a major cause of yield losses and ecosystem unstability 
worldwide. Use of agrochemicals against plant pathogens to protect crops 
has been increasing along with the intensification of agricultural production 
over the last few decades. 
An important tool for plant diseases control is nowadays represented by the 
use of beneficial microorganisms, which are applied as biofertilizers and/or 
biopesticides (Russo et al., 2008). This new approach can contribute to 
reduce the use of chemically synthesized pesticides, which cause several 
negative effects, such as environmental impact, undesirable residues in 
food, and development of pathogen resistance. Biological control is 
considered a reliable alternative to the use of chemicals in agriculture; in 
particular, there is the potential use of beneficial bacteria as bio-control 
agents (BCA). Successful inoculants have been identified among Gram-
negative (for instance Pseudomonas spp.) and Gram-positive bacteria (such 
as Bacillus spp.). Despite their different ecological niche, rhizobacteria and 
endophytic bacteria use similar mechanisms to control phytopathogens 
(Compant et al., 2005a): 
 competition for an ecological niche or substrate; 
 production of inhibitory chemical substances. 
 induction of systemic resistance in host plants. 
Biocontrol agents must effectively colonize roots, survive and multiplicate 
during plant growth, successfully competing with indigenous microflora. 
BCA reach root surfaces by active motility, that is facilitated by flagella, 
and are guided by chemotactic responses. The quantity and composition of 
chemoattractants exuded by plant roots are under genetic and 
environmental control. Competition for nutrients and for niches along root 
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surfaces is a fundamental mechanisms by which these beneficial 
microorganisms can protect plants. Once the colonization is established, the 
production of bacterial chemicals can contribute to control and inhibit 
pathogenic microrganisms; these substances are antibiotics, biocides, and 
iron-chelating siderophores. A variety of antibiotics have been identified, 
being produced by Pseudomonas, Bacillus, Streptomyces, and other PGPR 
(Raaijmakers et al., 2002). Under iron-limiting conditions of soil habitats 
and plant surfaces, PGPR can produce low-molecular weight compounds 
called siderophores, that sequester iron in a competitive way, thus 
depriving pathogenic fungi of this essential and often scarcely bioavailable 
element (Pedraza et al., 2007).  
As regards A. brasilense, phenylacetic acid, an auxin-like molecule with 
antimicrobial activity, was identified in the supernatant (extracts); this 
substance may be involved in the persistence of Azospirillum in the 
rhizosphere (Somers et al., 2005). Bacteriocines and siderophores were 
reported to be found in several strains of A. brasilense (Tapia-Hernandez et 
al., 1990). Protection of tomato seedlings against infection by 
Pseudomonas syringae pv. tomato, the causal agent of bacterial speck of 
tomato, was obtained using A. brasilense Cd (Bashan and de-Bashan, 
2002). The mechanism of biocontrol of this leaf disease was probably the 
competition between two different bacterial species, one pathogenic and 
the other a plant growth-promoting bacterium (PGPB); the authors 
proposed that Azospirillum can be used in prevention programs to combat 
the foliar bacterial diseases. Another competition mechanism of biocontrol 
was attributed to A.brasilense against crown gall formation in grapevine 
caused by Agrobacterium tumefaciens. When wounded tissues of grapevine 
disks were inoculated with A. brasilense Sp7 or 94-3, development of the 
bacterial galls was inhibited (Bashan and de-Bashan, 2010).  
Treating plants with some PGPR can promote a state of enhanced defensive 
capacity, providing systemic resistance against various plant pathogens of 
fungal, bacterial and viral origin, but also against insect and nematode pests 
(Mercado-Blanco and Bakker, 2007); (Ramamoorthy et al., 2001). The 
physiological state in which plants are able to activate defense responses is 
called the primed state of the plant (Beckers and Conrath, 2007); priming is 
a part of induced-resistance phenomena, that include colonization of PGPR, 
treatments of plants with necrotizing pathogens, and treatments with 
natural and synthetic compounds. Also bacterial endophytes have shown 
the ability to trigger induced systemic resistance (ISR) (Schulz et al., 
2006).  
Specific characteristics of ISR are (van Loon et al., 1998): 
 it is systemic, which means that the inducing rhizobacteria and the 
pathogens remain spatially separated for the duration of the 
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experiment. This is why many rhizobacteria can also inhibit growth 
of a pathogen directly; 
 it should protect against different types of pathogenic organisms; 
 it is established generally when plants are inoculated with a dosage 
of bacteria that exceeds threshold population size; no increase of 
resistance is shown when the concentration of bacteria population is 
increased; 
 it is dependent on the plant genotype, including the different 
cultivars of a specific crop. 
Another important issue raised by ISR is that, in case that PGPR strains do 
not exhibit any direct anti-microbial activity, they could provide a way to 
control diseases without asserting direct selective pressure on pathogen 
populations (Vallad and Goodman, 2004).  
ISR has been reported for various crops such as rice, sugarcane, grapevine, 
tomato, pea, cotton, cucumber, tobacco (Compant et al., 2005a); 
(Ramamoorthy et al., 2001). The ability to induce this kind of resistance 
depends on the combination of plant and bacterial strain. Some bacterial 
traits, such as flagellation and production of siderophores, have been 
proposed to play a role in triggering ISR (Haas et al., 2002). As regards the 
mechanisms of ISR mediated by PGPR, increases of the physical and 
mechanical strength of the cell wall, and changes in biochemical status of 
the host leading to the synthesis of defence chemicals have been showed to 
play a crucial role (Ramamoorthy et al., 2001). Normally ISR by PGPR is 
associated with the synthesis of phytoalexins and other secondary 
metabolites. Several compounds of bacterial origin can act as determinants 
of PGPR-mediated ISR, the most important of these being 
lipopolysaccharides of the outer membrane, siderophores and salicylic acid. 
The persistence of ISR generally decreases over time; anyway, its 
durability depends on the kind of crop and the different bacterial strain. 
Colonization of Azospirillum sp. B510, a strain which was isolated from 
stems of Oryza sativa cv. Nipponbare, induced disease resistance in rice 
plants against rice blast disease (Magnaporthe oryzae) and bacterial blight 
disease (Xanthomonas oryzae pv. oryzae) (Yasuda et al., 2009); as the 
protection did not involve any antimicrobial substance against the two 
pathogens, the biological interaction between rice cells and bacterial cells 
activated the innate immunity system of the host plant. The different 
expression patterns of defense-related genes from other known induced 
resistances suggests the possibility that colonization with Azospirillum sp. 
B510 induces a novel type of induced resistance. 
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Induced Systemic Resistance (ISR) and Induced Systemic 
Tolerance (IST) 
Most of the studies regarding the use of PGPR focus on merely evaluating 
the plant growth promoting effects. But inoculation with non-pathogenic 
bacteria can also have positive effects on plant health, namely resistance to 
biotic agents and tolerance to abiotic stress. Currently, a lot of bacterial 
inoculates are commercially available for use as „biofertilizers‟ or for 
„bioprotection‟ against biotic stresses. Some of the bacterial strains 
mitigating abiotic stress symptoms were also shown to protect plants 
against biotic stresses. Thus, for environmentally sustainable agricultural 
systems, bacterial inoculates providing crossprotection against different 
types of stress – biotic and abiotic – would be highly preferable (Dimkpa et 
al., 2009). Many of the root zone bacteria that have been found to possess 
plant growth-promoting properties are endophytic. 
As reviewed above, many scientific reports describe the production of all 
main phytohormone classes – auxins, cytokinins, gibberellins, abscisic acid 
(ABA) and ethylene – by plant growth promoting rhizobacteria (PGPRs). 
These hormones can directly, or, in concert with other bacterial secondary 
metabolites, stimulate plant growth. Common adaptation mechanisms of 
plants exposed to environmental stresses, such as water and nutrient 
deficiency, or heavy metal toxicity, include changes in root morphology, a 
process in which phytohormones are known to play a key role. The 
majority of root-associated bacteria that display beneficial effects on plant 
growth have been shown to produce IAA, and inoculation of various plant 
species with such bacteria has resulted in increased root growth and/or 
enhanced formation of lateral roots and root hairs. Promotion of root 
growth results in a larger root surface, and can, therefore, have positive 
effects on water acquisition and nutrient uptake. 
Changes in root morphology can be consequence of bacterial ACC 
deaminase activity, which reduces the levels of ethylene in plant tissues. 
Bacterial nitric oxide (NO) has also been implicated; Azospirillum-
mediated changes in root morphology can be related to changes in nitric 
oxide concentrations (Creus et al., 2005; Molina-Favero et al., 2008). Gene 
expression changes related to ethylene production have been reported in 
abiotically stressed plants treated with beneficial bacteria (Timmusk and 
Wagner, 1999; Sziderics et al., 2007). These changes in gene expression 
could confirm the hypothesis of a state of priming, i.e, a changed status 
with durable new characteristics of the plant, following the induction of 
resistance to biotic and abiotic stresses given by treatment with PGPR or 
other agents (Conrath et al., 2006; Walters, 2009). The beneficial effects of 
inoculation with plant growth-promoting root zone bacteria have been 
reported to be most significant under unfavourable conditions such as 
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drought (Mayak et al., 2004). This is consistent with results from a 
computer simulation showing that the survival rate of introduced 
rhizobacteria in any given microbial community is an important factor 
determining the degree of plant stimulation (Strigul and Kravchenko, 
2006). Because competition for limited resources is crucial, and bacteria 
are also susceptible to environmental stressors, the most prominent 
beneficial effects of inoculation with a potential PGPR is to be expected in 
poor soils, when the development of the indigenous microbial community 
is inhibited. Inoculation with non-pathogenic root zone bacteria can trigger 
signalling pathways that lead to higher pathogen resistance of the host – the 
so-called induced systemic resistance (ISR) (van Loon et al., 1998). 
Bacterial flagellin can trigger defence responses in various plants. Some of 
the bacteria that have been used to study beneficial effects under abiotic 
stress conditions, such as Bacillus sp., have been shown to induce ISR 
(Chakraborty et al., 2006). 
Some PGPR elicit physical or chemical changes related to plant defense, a 
process often referred to as ISR, and/or tolerance to abiotic stress, such as 
drought, salt and nutrient excess or deficiency. For the latter PGPR-induced 
changes in plants, it has been proposed the term “induced systemic 
tolerance” (IST). IST relates to an enhanced tolerance to abiotic stresses 
(Yang et al., 2009). 
Being drought stress one of the most important causes for yield losses 
worldwide, several studies have concentrated on IST to drought. In one of 
the early studies concerning this issue, it was demonstrated that the PGPR 
Paenibacillus polymyxa induces changes in Arabidopsis thaliana gene 
expression, giving a possible connection between biotic and abiotic stress 
responses (Timmusk and Wagner, 1999). There is a sort of overlapping 
between the two kinds of plant responses; it could be explained by a couple 
of considerations: 
 The metabolic pathways for signal transduction in plant defense 
responses can intercommunicate with other plant stress responses 
(Buchanan, Gruissem et al., 2002).  
 The genes that are involved in plant responses to biotic and abiotic 
stresses can be co-regulated (Dimkpa et al., 2009). 
The plant immune system 
Plants react to the attack of pathogenic microrganisms, such as fungi, 
bacteria, nemathodes and viruses, with a series of defence mechanisms, that 
involve morphological and biochemical changes, and that are not specific 
against particular pathogens. Plants can detect extracellular signals 
indicative for pathogen attack, with a mechanism involving trans-
membrane receptors that are structurally related to the ones found in 
mammals (Gomez-Gomez and Boller, 2002; Shen and Schulze-Lefert, 
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2007); in comparison with animals, an important difference is that all plant 
cells are able to set up such defence mechanisms. In the recently proposed 
Jones and Dangl plant immune system model (Jones and Dangl, 2006), 
there are two branches of the system; in the first one, some transmembrane 
receptors, called PRR (pattern recognition receptors), can recognize and 
respond to some general elicitors of the pathogenic organisms, called 
PAMPs (pathogen-associated molecular patterns). This recognition triggers 
the so called PTI (PAMPs triggered immunity), activating a series of 
signaling pathways, that can involve the expression of particular genes, and 
that leads to the plant defence reactions. PAMPs are conserved molecules 
present in whole classes of microbes, which exert essential functions for 
these microbes (Zipfel and Robatzek, 2010). Some of the PAMPs 
compounds are known, such as flagellin (typical short protein associated to 
flagellated bacteria), lipopolysaccharides (LPS), the principal component of 
the outer membrane in Gram-negative bacteria, chitin (N-acetyl-
chitooligosaccharide oligomers, from fungi), heptaglucan (from 
oomycetes) (Nicaise et al., 2009; Albert et al., 2010). On the contrary, little 
is known, so far, as regards the PRR which are present in the various plant 
species, and about the molecular mechanisms that link receptor activation 
to intracellular signal transduction (Chinchilla et al., 2007). The ability of 
each plant species or cultivar to deploy these receptors make up the so 
called plant innate immunity, which can be regarded as a kind of non-host 
immunity. 
In the second branch of the Jones and Dangl model, some virulent 
pathogens can overcome PTI, by means of chemical compounds called 
effectors; then, some plants do have the ability of recognizing these 
pathogen effectors, inside the cells, through R proteins (resistance 
proteins), encoded by the R genes (resistance genes), opposing to the 
pathogens and triggering the ETI (effectors triggered immunity). 
Recognized effectors are also termed avirulence (Avr) proteins. ETI is a 
faster and stronger version of PTI; it results in disease resistance, and often 
culminates in a hypersensitive cell death response (HR) at the infection 
site. This model is often referred to as the zig-zag model. 
So, plants have evolved two classes of immune receptors to detect the 
presence of microbial molecules: the membrane-resident pattern 
recognition receptors (PRRs), that detect MAMPs, and the R proteins, that 
are mainly intracellular and detect pathogen effectors (Shen and Schulze-
Lefert, 2007). The recognition of PAMPs is key to plant immunity; this is 
demonstrated by the fact that pathogens must suppress this level of 
resistance to cause diseases; PAMPs trigger a series of plant responses, 
from oxidative burst (early responses) to ethylene production, stomatal
 
closure, transcriptional reprogramming, salicylic acid accumulation, and 
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deposition (intermediate and late responses) (Zipfel and Robatzek, 
2010) ; (Nicaise et al., 2009). 
The compounds that are recognized by the trans-membrane PRR are not 
exclusively produced by pathogens; some non-pathogenic microrganisms, 
like many PGPR, such as Azospirillum spp. and Pseudomonas spp., can 
lead, when present in high cellular concentrations on the plant cells, to the 
same pattern of recognition; in this case the PAMPs are better defined as 
MAMPs (microbial-associated molecular patterns). 
The bacterial flagellum is made of many thousands of flagellin monomers; 
thanks to its abundance and surface exposure, flagellin is an excellent and 
highly characteristic MAMP or PAMP indicative for the presence of 
bacteria. Plants perceive bacterial flagellin through a receptor known as 
FLS2 (flagellin-sensing 2), a leucine-rich repeat receptor kinase (LRR-
RK), that binds flg22, a peptide spanning a single stretch of 22 amino acid 
residues of the most conserved part in the terminus of flagellin (Boller and 
He, 2009). The MAMP/PRR pair flagellin/FLS2 is well characterized and 
is intensely studied as a prototype. FLS2 homologs exist in all higher plants 
for which genomic information is available; a recent study comparing the 
LRR-domain sequences from FLS2 orthologues in various plant species 
included also Vitis vinifera, and showed a structurally high degree of 
similarity (Albert et al., 2010).  
Drought tolerance 
Land surface becoming arid or semi-arid is rising progressively in the last 
decades; water use efficiency is a current priority for the United Nations 
policy and a key issue for plant research. Under water stress conditions, 
leaf transpiration and leaf conductance decrease, and the water use 
efficiency rises; this mechanism keeps plant growth under water-limited 
environments (Aroca, 2009).  
Plant responses to drought include an increase in abscisic acid (ABA) 
levels, that cause stomatal closure to minimize water loss; these events 
involve production of activated oxygen species (Cho et al., 2008). Other 
plant-signalling compounds are involved in regulating stomatal closure, 
such as methyl jasmonate, salicylic acid and ethylene.  
The mechanisms that allow plants to cope with drought stress are regulated 
by changes in gene expression; drought regulated genes can be divided in 
two groups: functional genes (encoding for transporters, detoxification 
enzymes, osmolyte biosynthesis enzymes etc.) and regulatory genes, that 
encode for transcription factors (Aroca, 2009). In the whole, the beneficial 
effects of PGPR on plant drought tolerance is caused by changes in 
hormonal contents, mainly that of ABA, ethylene and cytokinins. 
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ABA is involved in the enhancement of plant drought tolerance by PGPR; 
Arabidopsis plants inoculated with A. brasilense Sp 245 showed more 
ABA content than non-inoculated ones (Cohen et al., 2008). 
Different strains of A. lipoferum were used to inoculate wheat seedlings 
under drought stress. Inoculation alleviated the plant drought stress, 
increasing wheat growth and yield; different strains performed differently 
(Arzanesh et al., 2011).  
Reduced grain yield losses and higher Mg, K and Ca contents were shown 
in grains of Azospirillum-inoculated wheat exposed to water deficit. 
Increases in water content, relative water content, water potential and 
apoplastic water fraction were observed. Furthermore, lower volumetric 
cell wall moduli of elasticity values were measured. Therefore, in addition 
to a better water status, an„elastic adjustment‟ is hypothesized to be crucial 
in increased drought tolerance (Creus et al., 2004). 
Alterations in the host plant‟s root morphology upon Azospirillum 
inoculation are widely believed to mainly attribute to the plant‟s enhanced 
tolerance to drought. 
Exactly how the bacterium induces changes in plant root morphology is not 
yet clear. Bacterial production of hormone-like substances and their ability 
to stimulate endogenous hormone levels were believed to play the key role 
in this process (Dobbelaere et al., 1999). However, more recently, it has 
been found that, under aerobic conditions, A. brasilense produces 
significant amounts of the small diffusible gas, nitric oxide, which has been 
shown to act as a signalling molecule in an IAA-induced pathway involved 
in adventitious root development (Creus et al., 2005; Molina-Favero et al., 
2008). These workers suggested that bacterial nitric oxide is involved in the 
enhancement of lateral root and root hair development in Azospirillum-
inoculated tomato plants. 
Bacteria occurring on root surfaces containing ACC deaminase have been 
shown to modify the sensitivity of root and leaf growth to soil drying, 
apparently by influencing ethylene signalling.  
A recent experiment, involving drought tolerance induction by 
Pseudomonas chloroaphis 06 in A. thaliana (Cho et al., 2008), 
demonstrated that it was systemic because colonization of aerial tissues 
was not detected with that bacterium, that the reduced water loss was 
mediated by a decrease in stomatal aperture size and increased proportions 
of closed stomates on the leaf, and that drought tolerance was correlated 
with increased levels of salicylic acid, but not ABA. In addition, there was 
evidence that 2R,3R–butanediol, a bacterial volatile compound, was 
produced during root colonization and had a significant role in induced 
drought resistance. This result confirmed previous indications that bacterial 
volatile components can induce systemic resistance in Arabidopsis when 
inoculated with Bacillus spp. (Ryu et al., 2004). 
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At the transcriptional level, the bacterium P. polymyxa caused the induction 
of a drought-responsive gene, ERD15, isolated from drought-stressed A. 
thaliana (Timmusk and Wagner, 1999). The inoculated plants were more 
tolerant to drought stress than non-inoculated ones; that could be caused by 
a mild biotic stress that could help plants cope with subsequent drought 
stress. 
There are diverse methods feasible to determine the water stress of a crop; 
some of these are based on measures of soil and atmosphere paramethers, 
whereas others involve direct measures on plant. The latter ones are 
potentially more accurate, and could lead to better management of 
irrigation practices. In grapevine, or at least in many grapevine cultivars, 
stomatal closure occurs at relatively low soil water deficit, leading to a 
rapid reduction of stomatal conductance (gs). A direct involvement of ABA 
in stomatal closure has been demonstrated in grapevine since long. This 
tight regulation of stomatal closure in leaves in response to mild soil water 
deficits makes stomatal conductance a precise indicator of water stress in 
grapevine (Cifre et al., 2005). In particular, mild water stress is 
characterized by gs ranging from 0.5-0.7 to 0.15 mol H2O m
-2
 s
-1
; moderate 
water stress has intermediate values of gs, from 0.15 to 0.05 mol H2O m
-2
 s
-
1
; severe water stress takes place when gs is below 0.05 mol H2O m
-2
 s
-1
. 
Tolerance to salinity 
Soil salinity in arid regions is frequently an important limiting factor for 
cultivating agricultural crops. PGPR-elicited plant tolerance against salt 
stress has been intensively studied, showing that inoculation with 
endophytic bacteria can mitigate the effects of salt stress in different plant 
species. 
High K
+
/Na
+
 ratios were found in salt-stressed maize in which selectivity 
for Na
+
, K
+
 and Ca
2+
 was altered upon inoculation with Azospirillum 
(Hamdia et al., 2004). 
Similarly, inoculation of pepper with Bacillus sp.TW4 led to relief from 
osmotic stress, which is often manifested as salinity (and/or drought) stress. 
In these plants, genes linked with ethylene metabolism under abiotic stress 
were down-regulated (Sziderics et al., 2007). Because Bacillus sp. TW4 
showed ACC deaminase activity, the authors speculated that the enzyme 
may be involved in the lower expression of these genes. Salt stress has also 
been shown to affect nodulation during Phaseolus–Rhizobium interaction. 
However, secondary inoculation of the salt-stressed plants with 
Azospirillum caused an extended exudation of plant flavonoids compared to 
Rhizobium alone, implying an induction of flavonoid genes in the presence 
of Azospirillum (Dardanelli et al., 2008). Thus, the co-inoculation of plants 
with different bacterial species may contribute to relieving abiotic stress. 
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IST to salt stress was also noted with Arabidopsis (Zhang et al., 2008) 
using Bacillus subtilis GB03, a species that has previously been used as a 
commercial biological control agent. Interestingly, some of the volatile 
organic compounds (VOCs) that are emitted from B. subtilis GB03 (Ryu et 
al., 2004) are bacterial determinants involved in IST. 
Abscissic acid (ABA) and Proline  
The plant hormone abscisic acid (ABA) plays a crucial role in the 
regulation of stomatal aperture and gas exchange of drought-stressed 
plants. Rhizospheric and aerial influences interact to influence leaf growth 
and functioning; in response to changes in both the rizospheric and the 
aerial environment, plants can use the ABA signaling mechanism and other 
chemical signals to adjust the amount of water lost through their stomata 
(Wilkinson and Davies, 2002). 
Proline is one of the twenty protein-forming amino acids, but it is unique in 
that group, having a secondary amino-group. In plants, proline is one of the 
numerous organic compounds that can accumulate inside the cytoplasm 
without triggering any damage to cellular structures; these kinds of 
“osmolytes” permit the lowering of plant water potential, so that resistance 
to drought and salinity is enhanced (Buchanan et al., 2003). Plants seem to 
have two pathways for the proline biosynthesis: one derives from 
glutamate, the other from ornithine. An enhanced expression of glutamate 
dehydrogenases to form glutamate for proline synthesis was observed in 
abiotically stressed tobacco and grapevine (Skopelitis et al., 2006). 
Proline can accumulate in plants with a regulation that depends on 
enzymatic control and on gene expression changes. In Arabidopsis, the 
increase in the concentration of free proline is triggered by ABA treatment 
or by exposure to drought. The application of salt or ABA to plants has 
frequently been associated with the accumulation of proline (Downton and 
Loveys, 1981). 
Like ethylene and nitric oxide, proline is often synthesized by plants in 
response to various abiotic, as well as biotic, stresses, mediating osmotic 
adjustment, free radical scavenging and subcellular structure stabilization 
(Hare and Cress, 1997). Proline synthesis has been shown to be increased 
in abiotically stressed plants in the presence of beneficial bacteria such as 
Burkholderia (Ait Barka et al., 2006), as well as Arthrobacter and Bacillus 
(Sziderics et al., 2007). In a study concerning salt tolerance of A. 
brasilense-inoculated maize (Hamdia et al., 2004), proline concentration in 
shoots and roots declined significantly when salt stressed maize was 
inoculated with Azospirillum, while the amount of dry matter and the water 
content increased. This decline in proline concentration was accompanied 
by a pronounced accumulation of other organic solutes (protein, 
carbohydrates and individual amino acids). 
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Investigations about water and salinity stress in grapevines showed that 
there were higher concentrations of glucose, malate, and proline in water-
deficit treated-plants as compared to salinized plants; the metabolite 
differences were linked to differences in transcript abundance of many 
genes involved in energy metabolism and nitrogen assimilation (Cramer et 
al., 2007).  
It has been suggested that proline might have multiple roles in plants, such 
as osmo-regulation, and drought and freeze protection. Proline was 
involved in the response of grapevine to low temperatures: there was 
significant correlation between freezing tolerance and an increase in the 
concentration of proline in buds (Ait Barka and Audran, 1997). 
The nursery technique in grapevine propagation 
Asexual propagation (or vegetative multiplication) of clones of certified 
material is usually performed in grapevine nurseries. The vegetative 
multiplication, or cloning, in comparison to sexual multiplication, has some 
advantages, e. g. the uniformity of genotype, being the resulting clones 
genetically identical to each other (except for somatic mutations) and to the 
mother plant, and the absence of juvenile characters, that are found in 
seedlings. Grapevine vegetative multiplication is based on rooting of 
cuttings; the rhizogenetic process leads to new adventitious lateral roots, 
which can regenerate the plant. Rhizogenesis is influenced by hormonal 
and nutritional factors; auxins are the most important endogenous plant 
hormones, because they can stimulate rhizogenesis, even if a balance 
between auxins and other phytohormones, mainly cytokinins, is required. 
In Italy, grapevine nurseries can multiply only certified material coming 
from pre-multiplication centers, which control the sanity and varietal origin 
of the propagation material, that is cuttings and scions. In Tuscany, in 
particular in Pisa surroundings, there is a well-known and since long 
established tradition of grapevine propagation, with nurseries producing 
some 4 millions of grafted vines per year. Since the late 19
th
 century, 
modern Vitis vinifera cultivars are grafted on selected rootstocks, which are 
resistant to the mostly feared insect infestation of the grape phylloxera 
(Viteus vitifoliae). Since then, a great variety of grape rootstocks have been 
selected, as hybrids of American species (V. berlandieri, V. riparia and V. 
rupestris), to face diverse soil and climate conditions, and are now 
proposed by nurseries worldwide. The most used techniques in Italian 
nurseries concern the production of grafted woody cuttings, by means of 
table-grafting of cultivar scions on rootstocks woody cuttings, their 
transplant in open fields, rooting during the vegetative growth, collection 
from soil and final selection of rooted vines in winter.  
The operational scheme that is mainly used by grapevine nurseries 
comprise the following phases: 
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In late winter woody cuttings, taken from the rootstocks, are tied together 
in bunches of 20-25, after removing buds, and soaked for some 12 hours in 
water; this washing of the entire cutting is thought to promote roots 
formation, probably by removing water soluble rooting inhibitors. 
The table-grafting is then mechanically made, usually with two-buds 
scions, and the grafted cuttings are stored for 15-20 days in closed boxes at 
high relative humidity and about 25°C temperature in a greenhouse; this 
period of storage helps stimulate the callus formation on the graft wound 
and the initiation of rooting at the base of the grafted cuttings.  
At the end of this storage possible newly formed roots are removed, and the 
bases of grafted cuttings are soaked in water for some 5 days. 
Then, in spring, the grafted cuttings are transplanted in the open field, 
where growth of shoots and roots takes place, unless adverse 
meteorological conditions compromise the delicate balance between the 
aerial and the sub-soil part. Two successive cuts of the apical part of the 
shoots are executed during summer, to curb the growth of the aerial part of 
the plants and to favor the development of the roots. 
In late fall, or in winter, the rooted grafted cuttings are mechanically 
collected, selected, and packaged for storage and commercialization.  
Some rootstocks, though widely used for their positive characteristics, do 
not root easily, causing many losses in the production of vines. In addition, 
there are a lot of viral, fungal, and insect diseases of grapevine propagation 
material, which can disrupt nursery production. Hence, plenty of chemical 
compounds, such as fertilizers, pesticides and synthetic plant hormones, are 
being used in conventional nurseries to thwart these various problems. The 
reduction of the amounts and doses of these compounds is widely accepted 
as one of the main trend in agricultural techniques in developed and 
developing countries, in order to respect the environment and the health of 
farmers. Organic nurseries, which do not use as a rule chemically 
synthesized compounds, employ alternative techniques to diminish the 
losses of production caused by the pathogens and by the low rooting 
abilities of some rootstocks, such as the use of biofertilizers, biocontrol 
agents and beneficial microorganisms. In general, sustainable and organic 
techniques in grapevine nurseries are gaining growing interest worldwide, 
in order to meet the requirements of the growing market of organic 
viticulture and the need for more environmentally friendly agricultural 
practices as well. The PGPRs can have a role in this context, as biocontrol 
agents to reduce the impact and the virulence of the most important 
pathogens, as biofertilizers to reduce the need for nitrogen and phosphorus 
high doses, which can pollute soil and water, and as inducers of systemic 
resistance to biotic and abiotic plant stresses, to guarantee the protection of 
grape during the first phases of growth; in addition, a role of these 
beneficial bacteria can be tested in nursery grapevine propagation as 
INTRODUCTION 
25 
 
producers of plant hormones, such as mainly auxins, which are well known 
to positively influence the rooting process, and therefore could help raise 
the rooting performances of rootstocks, in particular those which do not 
root very well. Thanks to its ability to produce auxins, as mentioned above, 
A. brasilense could help increase the rate of rooting of the grafted cuttings 
in nurseries. 
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OBJECTIVES 
Our goal was to evaluate percentage of rooting and quality of roots, 
comparing treated grafted cuttings and not treated ones (control), that is the 
possibility of having positive effects of the bacterial inoculation on nursery 
production of grafted vines. The effect of the bacterial treatment was 
observed and measured also on the vines coming from these nursery trials.  
Nursery trials 
Considering the specific properties of Azospirillum brasilense, in particular 
its ability to synthesize plant hormonal substances, the effects of bacterial 
inoculation with pure cultures of A. brasilense Sp245 were tested on the 
behavior of cuttings of various rootstocks of Vitis vinifera cv. Sangiovese 
(F9 clone) when grafted and transplanted in the field during the usual 
grapevine propagation procedures in nurseries. Two nurseries were tested, 
one of conventional agriculture, the other with organic agriculture.  
Greenhouse trials with cuttings 
In the first year trials, some grafted cuttings of 420A rootstock (cv. 
Sangiovese), that showed scarce response to the inoculation in the nursery 
procedures, were tested in pots in a greenhouse, in order to evaluate the 
ability of the bacterial inoculum to positively affect the rooting percentage 
and roots quality in a more controlled environment, not so heavily 
influenced by unfavorable climate and soil parameters. 
Molecular and chemical analyses 
After collecting samples from the nursery material (cuttings, grafted 
cuttings, rooted vines), isolation of bacterial cells inhabiting the plant 
tissues and successive molecular characterization of the isolates were 
performed, in order to trace the inoculated cells of A. brasilense Sp245, and 
to determine the presence of other bacterial endophytes in the plant tissues. 
Chemical analyses were conducted in plant samples coming from the 
nurseries, in order to focus possible differences in some important 
physiological and agronomical parameters.  
Growth measurements and observations 
A very important task was to evaluate the possible differences between 
treated and not treated vines coming from the nurseries as regards the 
growth parameters; the treatment was made during the nursery trials, 
whereas the measurements and the observations were made during the 
growth of potted vines as well as of open field-vines in the successive year. 
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Drought resistance and simulation of drought stress 
During some previous trials with potted vines (cv. Sangiovese) and the 
same inoculations as the current trials, it was observed that some treated 
vines, in particular Sangiovese grafted on 420A, when exposed to long 
periods of drought, showed greater drought resistance than the control. 
Considering also the noteworthy number of publications regarding a 
positive effect of Azospirillum spp. inoculation on tolerance to abiotic plant 
stresses, including the drought resistance, some investigations were 
conducted on potted vines and field-transplanted vines, regarding stomatal 
conductance, net photosynthesis, and concentration of proline and ABA in 
leaves. Moreover, two experiments were conceived, respectively in June 
(open space), and in August-September (greenhouse), to simulate drought 
conditions and water scarcity stress in vines coming from the nurseries, and 
to evaluate drought resistance of treated vines in comparison to not treated.  
MATERIALS AND METHODS 
29 
 
MATERIALS AND METHODS 
The experiments were conducted as nursery trials, laboratory trials, and 
growth observations of the obtained vines along three years, from 2008 to 
2010. In particular, the nursery trials were performed during two years 
(2008-2009 and 2009-2010), thanks to the gentle collaboration of the 
personnel of two grapevine nurseries. The two nurseries were a 
conventional one (“Vivai La Vite”, Cenaia, Pisa) and an organic one 
(“Vivai Moroni”, Cenaia, Pisa); both nurseries are located in Pisa area. In 
nursery trials all treatments have been performed during the scheduled 
daily work of the host nurseries; plant material was furnished by the 
nurseries as well. 
A list of nursery scheduled operations is made of: 
 collection of cuttings from mother-plants (rootstocks), removal of 
buds, and hydration (for about 12 hours) prior grafting in winter; 
 collection of scions (two buds- shoots) from vines of selected and 
certified varieties in winter; 
 bench-grafting in spring;  
 storage of bench-grafted cuttings at 25°C, high relative humidity and 
in the dark (grafted cuttings forcing) for about 15 days, in order to 
obtain a good callus formation at the graft level; 
 hydration of the bench-grafted cuttings (for about 5 days) and 
subsequent planting in the field (the so called “barbatellaio”) in late 
spring; 
 growth in the field from late spring till winter, with three repeated 
mechanical cuts of the shoots in order to stimulate roots; 
 harvesting of rooted vines, selection and packaging in winter. 
Nursery trials 1
st
 year 
Bacterial cells of A. brasilense Sp245 were cultured in liquid medium and 
then suspended in water with a concentration (10
7
 CFU/mL) that was 
successfully tested in a previous work (Russo et al., 2008); the bacterial 
suspension was inoculated at different stages of the vines production (Vitis 
vinifera cv. “Sangiovese”), with different rootstocks. In the first year in the 
conventional nursery, nine rootstocks were tested (table 1); they belong to 
three groups, as regards the parental origin. In each group, it was chosen 
one rootstock which usually performs well during the rooting phase, having 
a good rooting ability: 
 SO4 for the group V. Berlandieri X V.riparia; 
 1103P for the group V. Berlandieri X V.rupestris; 
 3309 for the group V. riparia X V.rupestris. 
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The other rootstocks comprised in each group have shown a scarce rooting 
ability. 
In the first year in the organic nursery the size of the experiment was lesser 
than the one in the conventional nursery; it was chosen only one rootstocks, 
1103P. The treatments as well were different in the two types of nurseries: 
in the conventional nursery three treatments were tested, but only two gave 
some results, because for the third treatment (bench-grafted cuttings 
inoculated in the field by means of the irrigation pipe during watering) the 
survival of the vines was too low owing to bad weather conditions. In the 
organic one only one treatment was tested. 
Conventional nursery – 1st year  
Cultivar: “Sangiovese” clone F9A548. 
Rootstocks: all the rootstocks (and respective clones) in the following 
table: 
 
V. Berlandieri X V.riparia:                    420 (MIQ88); 161-49 (176F); 
                                                            157-11 (ISV1); SO4 (31OP) 
V. Berlandieri X V.rupestris:             140Ru (101F); 775P (CFC83/20); 
                                                            1103P (ISV1) 
V.riparia X V.rupestris:                     101-14 (ISV1);   3309 (143F) 
 
 
Treatments: 
 A: inoculation of cuttings during hydration  before the bench-
grafting; 
 B: inoculation of bench-grafted cuttings during hydration before field 
planting after a period of 15 days at 25°C, high relative humidity and 
in the dark (grafted cuttings forcing).  
Organic nursery – 1st year 
Cultivar: “Sangiovese” clone F9. 
Rootstock: 1103P (V. Berlandieri X V.rupestris) clone CFC 60/30. 
Treatment: the grafted cuttings were inoculated at the beginning of the 
callus formation period (15 days at 25°C, high humidity rate and in the 
dark) just after the bench-grafting. 
The following parameters in both nurseries were considered:  
 callus diameter at the graft level (only for the treatment A in the 
conventional nursery); 
 number of nodes per vine; 
 rooting percentage of grafted cuttings; 
 number of adventitious roots; 
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 percentage of asymmetric roots; 
 total biomass of rooted vines. 
Callus diameter was evaluated at the end of the 15 days‟ grafted cuttings 
forcing. 
Number of nodes per vine was evaluated during summer growth in the field 
(before the scheduled shoots cuts), in order to assess the vigor of the 
growing vines. 
Rooting percentage was evaluated in the field during early winter, 
considering the number of vines with vital shoots out of the total number of 
cuttings. 
Number of adventitious roots, percentage of asymmetric roots and total 
biomass were evaluated after the harvesting of vines and prior the 
packaging. 
Percentage of asymmetric roots was determined considering as asymmetric 
those primary roots which did not have any opposite primary roots. 
Nursery trials 2
nd
 year 
Bacterial cells inoculation was performed in the same way as the previous 
year of experiments. In the second year the trials in the conventional 
nursery were largely reduced, focusing on two rootstocks: 420A, which had 
furnished poor results during the previous year trials (but being anyway one 
of the most utilized rootstock in Italy), and 775P, which had provided good 
results. In addition, these two rootstocks belong to different groups of 
parental origin, so giving a broader significance to the trials. Also the 
treatments were reduced to the one which gave better results (inoculation of 
the cuttings before the grafting). As to the organic nursery, it was tested a 
different rootstock, 775P instead of 1103P; the treatment was the same as 
the previous year trials. 
Conventional nursery – 2nd year  
Cultivar: “Sangiovese” clone F9A548. 
Rootstocks: 420A (V. Berlandieri X V. riparia) clone MIQ88, and 775P (V. 
Berlandieri X V. rupestris) clone CFC83/20. 
Treatment: inoculation of cuttings during hydration before the bench-
grafting. 
Organic nursery – 2nd year 
Cultivar: “Sangiovese” clone F9. 
Rootstock: 775P (V. Berlandieri X V. rupestris) clone CFC 83/20. 
Treatment: the grafted cuttings were inoculated at the beginning of the 
callus formation period (grafted cuttings forcing) just after the bench-
grafting. 
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The measured parameters were the same as the previous year experiments: 
 Callus diameter at the graft level (only for the treatment 1 in the 
conventional nursery): 
 number of nodes per vine; 
 rooting percentage; 
 number of adventitious roots; 
 percentage of asymmetric roots; 
 total biomass of rooted vines.  
Greenhouse rooting trials with cuttings 
Grafted cuttings of 420 A rootstock (cv. “Sangiovese”, F9 clone) coming 
from “La Vite” nursery were potted with an organic commercial substrate 
in a greenhouse in order to evaluate the rooting percentage and other 
growth parameters. The inoculation was applied pouring an aliquot of the 
liquid suspension of bacterial cells onto the substrate of the potted grafted 
cuttings just at the moment of the transplant. 
Molecular and chemical analyses 
A series of observations and experiments was carried on as regards the 
plant material coming from the nurseries during the first and the second 
year of work. This work continued in the third year as well. 
The laboratory trials consisted of: 
 isolation and characterization of bacterial endophytes; 
 chemical analyses of roots and leaves samples. 
Isolation and characterization of bacterial endophytes 
Plant material coming from the nursery trials and from the greenhouse 
rooting trials was used, in order to isolate and characterize putative 
bacterial endophytes and to track possible Azospirillum cells inside the 
plant tissue. 
The rootstocks were: 775 P, 420 A, 1103 P, SO4, Kober 5BB.  
Tissues were excised from woody cuttings (cylindrical 1-2 cm segments), 
callus (slices from the graft union callus), roots (1 cm length segments), 
shoots and leaves (1 cm X 1 cm segments). With the exception of roots, all 
material was pre-washed with tap water, then surface-sterilized by means 
of a vigorous shaking in full-strength bleach solution (approx. 5% sodium 
hypochlorite) for 5 minutes. Woody cuttings were surface-sterilized in 1:1 
solution of 5% sodium hypochlorite – sterile ethanol.  
As regards the roots, healthy roots were sectioned, washed free of soil with 
sterile water, and soaked in PBS (phosphate-buffered saline), pH 7.2 for 10 
minutes. Then, 5- to 10-mm sections were surface-sterilized in water-
diluted bleach solution (1:4 full bleach solution – water) for 30 minutes. 
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Then, roots were immersed in sterile 0.05 M phosphate buffer (pH 7,2) for 
30 minutes, and then rinsed several times in sterile water (Bacon, 2007).  
Following the sterilization in the bleach solution, each plant tissue was 
rinsed three times in sterile water (each time for three minutes) under 
sterile conditions (laminar air flow) in order to eliminate traces of the 
disinfectant agent. The efficacy of each sterilization procedure was tested 
by quickly sliding surfaces of the sterilized tissue over the surface of the 
agar medium plates.  
The culture solid medium was “Nutrient agar”. 
The following isolation techniques from surface-disinfected plant material 
were tested: 
 plant tissue direct isolation; 
 vacuum extraction. 
In the plant tissue direct isolation, woody segments, root segments, callus 
slices, or leaf segments were cut at both ends under sterile conditions with 
sterilized scissors; tissue was then plated directly onto the agar medium. 
Bacteria were recovered from the cut ends of the tissue, or tissue was 
extracted with sterile water through agitation for 30 minutes, and aliquots 
of water was then plated onto the agar medium.  
In the vacuum extraction isolation technique, cuttings (diameter approx. 1 
cm) were trimmed to a length of about 15 cm and washed in tap water to 
remove soil. Both ends of the cuttings were soaked in ethanol and flamed; 
about 1 cm of the bark from both ends was removed to promote a better 
seal in the suction flask (Bell et al., 1995). With the lower end tightly fitted 
onto the flask mouth, a moderate vacuum pressure of about 10 KPa was 
exerted while placing some milliliters of sterile water on the upper end of 
the cutting (after fitting a sterile silicone tube) to assure hydraulic 
conductivity. Aliquots of the obtained extracted liquid were plated onto the 
agar medium.  
The plates were incubated at 30°C for two days. 
Colonies were picked from the incubated plates and inoculated on Nutrient 
agar plates at 30°C for 2-5 days; then colonies were re-streaked to purity 
for three times. 
From these trials 34 bacterial isolates, comprising three isolates coming 
from pure culture of Azospirillum brasilense Sp245, were obtained, coming 
from different tissue (roots, callus and wood); no isolates were obtained 
from leaves and shoots. The isolates were characterized and sorted 
depending on the colony morphology; 5 different morphotypes were 
described. Then, the isolates were stored at – 80°C in 20% (v/v) glycerol – 
Nutrient Broth medium. 
In 2010 the stored isolates were taken and purified (by means of three plate 
successive streaks) on the same culture medium as previously described, 
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and a molecular characterization was performed in order to establish the 
bacterial species. The laboratory protocol for molecular characterization 
consisted of the following phases: 
 DNA extraction. Bacterial DNA was extracted from 2-days old 
cultures on agar plates; single colonies were re-suspended in liquid 
Nutrient medium and cultured overnight at 28°C; an aliquot was 
centrifuged at 13000 rpm for 5‟; the resulting pellets were then added 
with the extraction buffer, glass beads and phenol-chlorophorm and 
stirred for 2‟, prior to centrifugate at 13000 rpm for 5‟. The 
supernatant was added with isopropanol 1:1 and left at room 
temperature for 5 minutes; the mixture was again centrifuged at 
13000 rpm for 5‟; the resulting pellets were washed with ethanol 
70%, and centrifuged at 10000 rpm for 5‟; the pellets were at last 
dried in Speedvac for 5‟, and suspended in PCR-grade water;  
 the quality of extracted DNA was checked by means of 
spectrophotometrical analysis at 260 nm and 280 nm; 
 PCR (polymerase chain reaction) amplification of the 16S rDNA 
region was performed in a 25 μl final volume containing 1 μl of 1:10 
diluted total DNA, 2.5 μl of Mg-free buffer 10 X, 0.2 μM of the 
primers: 
F-primer f27 (5‟- AGAGTTTATCMTGGCTCAG-3′) (Long et al., 
2008; Bulgari et al., 2009); 
R-primer r1492 (5 ′-GRTACCTTGTTACGACTT-3‟); 0.2 mM of 
each dNTP, 5 mM MgCl2 and 2.5U of Taq DNA polymerase. A 
negative control (PCR mixture without DNA template) was included 
in all PCR experiments. The reaction conditions were as follows: 
95°C for 120‟‟ followed by 35 cycles of denaturation at 95°C for 
80‟‟, annealing at 57°C for 60‟‟, and primer extension at 72°C for 
90‟‟, followed by a final extension at 72°C for 300‟‟; 
 gel-electrophoretic separation and visualization of the amplified 
DNA; the reaction products were separated by running the PCR 
mixture in 1.0% (w/v) agarose containing TAE 50X and the bands 
were stained with ethidium bromide; each separation was compared 
to a 1Kbp marker; 
 ARDRA (amplified ribosomal DNA restriction analysis) was 
performed to analyze the diversity of the amplicons, comparing the 
homology patterns of the isolates, as well as of known strains used as 
reference (A. brasilense Sp245); digestion of 7 μl of the PCR 
products, 1 μl of specific enzyme buffer, and 2 μl of enzyme was 
done at 37°C for 1 hour using AluI, RsaI, and HinfI restriction 
enzymes; the restriction fragments were separated on a 1.8 % 
agarose gel running in 50X TAE buffer at 100V for approximately 1 
hour; the obtained fragments were visualized with ethidium bromide 
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(Kim et al., 2005; Pedraza et al., 2007; Sun et al., 2008); each 
separation was compared to marker “SharpMass™100 PLUS”; 
 according to ARDRA patterns, amplicons were grouped into OTU 
(operational taxonomic units). 
Sequencing of amplified DNA: PCR products were purified using QIA 
quick™ Gel Extraction Kit (QIAGEN SpA Milano, Italy) following the 
manufacturer‟s manual. Sequencing was commercially conducted at 
Padova University. Analysis of sequences was carried out with basic 
sequence alignment BLAST program run against the database from 
National Center for Biotechnology Information Blast 
(www.ncbi.nlm.nih.gov/BLAST). 
Chemical analyses of roots and leaves samples 
Roots samples were taken from selected rooted vines (during the winter 
storage) and leaves samples were taken from foliage of potted vines (during 
the growth season in open field or in greenhouse) of the following 
rootstocks: 
 775P and 420A coming from the conventional nursery (2nd year); 
 775P coming from the organic nursery (2nd year). 
Samples were processed in order to measure the following parameters: 
 dry matter (65°C until constant weight); 
 ash (0.5 g of dried plant material at 600°C for 14 hours); 
 mineral elements (P, Ca, Mg, K, Fe) content; ashes were wet 
digested in HCl and total P content was colorimetrically determined 
(470 nm) by the vanadomolybdate procedure; for Ca, Mg, K and Fe, 
the relative content was measured by means of atomic absorption 
spectrophotometry; 
 total phenolic compounds content; 0.6 g of fresh material was 
suspended in 5 ml of ethanol (80%), mechanically stirred for 30‟, 
and refrigerated at 4°C in the dark for 30‟; the suspension was then 
filtered, and the pellet was re-suspended in 2.5 ml of ethanol (80%), 
filtered and filtrates were joined together; 125 μl phenolic extract, 
625 μl 1:10 diluted Folin-Ciocolteu reagent, and 250 μl 7.5% 
(wt/vol) Na2CO3 were vortexed for 10‟‟ and the mixture was 
incubated at 45°C in a water bath for 15‟; total phenolics were 
measured at 750 nm using gallic acid as the standard, and expressed 
as ng X g
-1
 FW (Ait Barka et al., 2006).  
Growth measures and observations on vines 
Some selected rooted grafted cuttings (from now called “vines”), coming 
from the nursery trials of the 1
st
 and 2
nd
 year work, were gently offered by 
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the nurseries management, in order to observe and measure some growth 
parameters and to pick samples for laboratory microbiological and 
chemical analyses. Some of these vines were planted in pots and placed in 
open areas at the University facilities (Dip. Coltivazione e Difesa delle 
Specie Legnose, Colignola, Pisa): 
 20 vines of 1103P (organic nursery – 1st year), potted in April 2009; 
 20 vines of 420A (greenhouse rooting trials – 1st year), potted in 
April 2009; 
 40 vines of 420A (conventional nursery – 2nd year), potted in April 
2010; 
 12 vines of 775P (conventional nursery – 2nd year), potted in April 
2010. 
The group of 20 vines of 1103P (organic nursery – 1st year) were 
transplanted at Az. Agr. Castellani, Poggio al Casone, Lari (PI) in June 
2010.  
Other vines of the 2
nd
 year nursery trials were directly transplanted in open 
field, after a storage in cold chamber: 
 10 vines of 775P (organic nursery – 2nd year) at Az. Agr. S. Maria 
del Giudice (LU) in May 2010; 
 40 vines of 775P (organic nursery – 2nd year) at Az. Agr. 
Collemassari, Cinigiano (GR) in May 2010. 
Growth measures and observations were conceived in order to compare 
treated vines and not treated ones (control); hence, each group of vines in 
pots or in open field was formed by equal numbers of treated and not 
treated vines. 
The following parameters were measured: 
 Growth parameters (total number of nodes; total number of leaves; 
biomass of the annual wood; length of the shoots). 
Drought resistance and simulation of drought stress 
Drought resistance 
The following parameters were measured: 
 Stomatal conductance and net photosynthesis (IRGA analyser); 
 Proline content in excised leaves samples (medium fully expanded 
leaves). 
Stomatal conductance and net photosynthesis were measured on potted 
vines and on open field vines by means of an IRGA (infra-red gas analyser) 
portable instrument (type LI-6400) measuring the gaseous exchanges in 
leaves. IRGA is a portable device for non-destructive determination of 
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gaseous exchanges on mature leaves “in vivo”. Water vapor and CO2 
exchanges are measured in a foliar room, determining respectively the loss 
of water for transpiration and the photosynthetic activity of CO2 fixation. 
Proline content was determined with the following method: 
Free proline content (only leaves samples); 0.5 g of fresh leaves were 
suspended in a solution of 3% sulfo-salicylic acid for 1h; the mixture 
was then filtered and 2 ml of acidic ninhidrine were added to 2 ml of 
the filtrate; the solution was heated at 100°C for 20‟, and the reaction 
was stopped by an ice bath; after adding 1 ml of toluene, the solution 
was stirred for 15‟‟, and held in darkness for 4h at room temperature; 
the toluene layer was then separated and the absorbance was 
determined at 520 nm using toluene as a blank; a calibration curve 
was made (Ait Barka et al., 2006). 
Simulation of drought stress 
During the third year, two experiments were conceived and set up 
regarding the simulation of drought stress in potted vines. 
Experiment 1 
A group of 20 vines of the cv. Sangiovese on 420A rootstock (10 treated 
and 10 not treated), that had been obtained in the 2
nd
 year trials in the 
conventional nursery (“La Vite”), were potted and grown in open space at 
the University facilities (Dip. Coltivazione e Difesa delle Specie Legnose, 
Colignola, Pisa). This experiment was conducted in June; drought stress 
was caused in potted plants simply avoiding watering along the duration of 
the experiments, and covering the pots with a plastic sheet, to avoide rain 
interference. In order to compare water-stressed plants and not stressed 
ones, each group of 10 vines was randomly divided in two groups (n=5), 
obtaining a CR (completely randomized) experimental design with the 
following treatments: 
 not treated, normally irrigated vines (C); 
 not treated, not irrigated (water-stressed) (C S); 
 treated, normally irrigated (T); 
 treated, not irrigated (water-stressed) (T S).  
During the “experiment 1”, which was developed in June 2010 for 10 days, 
the following parameters were repeatedly measured: 
 stomatal conductance and net photosynthesis; 
 shoots length (cm). 
Experiment 2 
The same potted plants as to the “experiment 1” were recovered in a 
greenhouse (Dip. Coltivazione e Difesa delle Specie Legnose, Pisa), and, 
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with the same experimental design and treatments, another experiment was 
performed, spanning from August to September of the same year . The 
following parameters were measured: 
 stomatal conductance and net photosynthesis; 
 proline content, abscisic acid (ABA) content, and relative water 
content (RWC) in excised leaves samples. 
ABA content was determined by sampling 4 discs of 1 cm diameter (50-
100 mg) of fresh leaf tissue (4 replications from each treatment), that were 
weighed, frozen in liquid nitrogen, then stored at – 80°C until the analysis. 
ABA was determined by an indirect ELISA based on the use of DBPA1 
monoclonal antibody, raised against S(+)-ABA (Vernieri et al., 1989). 
ABA was measured after extraction in distilled water (water:tissue ratio = 
10:1, v:w) overnight at 4 ◦C.  
RWC was determined by sampling 1-2 g of fresh leaf tissue (5 replications 
from each treatment), determining the fresh weight (FW), the turgid fresh 
weight (TFW), and the dry weight (DW); RWC was calculated using the 
following equation: RWC = (FW – DW)X100/(TFW – DW).  
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RESULTS AND DISCUSSION 
Nursery trials 1
st
 year 
Conventional nursery  
The callus diameter at the end of the grafted cuttings forcing was measured, 
indicating that four out of eight rootstocks (data of the 3309 rootstock were 
accidentally missed) had greater callus in the treated grafted cuttings than 
in not treated ones; only for one rootstock (157-11) the results were 
contrary. In tab. 1 there are also represented data concerning all the 
rootstocks, showing a very highly significant effect of the bacterial 
treatment (17.5% vs. 16.1%).  
 
 Callus diameter (mm)  
 C T  
420A 18.2 18.6 n.s. 
161-49 13.2 16.6  P<0.05  
157-11 20.2  16.6 n.s. 
SO4 15.4 18.2 n.s. 
140RU 14.2 17.2  P<0.01  
775P 15.8 17.6  P<0.01  
1103P 17.4 21.2  P<0.05  
101-14 14.4 14.2 n.s. 
All rootstocks 16.1 17.5 P<0.001  
Tab. 1 - Graft callus diameter (mm) after the “forzatura”- C = control; T = treatment A. Means (n 
= 5). The data were subjected to 1 way ANCOVA (n.s.: not significant). Dependent variable: callus 
diameter; concomitant variable: cutting diameter. Observed means are represented in the table. 
Data of the 3309 rootstock were missed.  
 
During the vegetative field growth of the transplanted grafted cuttings in 
nursery, the total number of nodes per vine was measured (tab. 2 ); only for 
775P rootstock there was a significant greater value for the treated vines in 
comparison with control. Anyway, apart from the 420A rootstock, these 
data show that, in general, the growth of treated vines was greater than 
control. 
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 Nr. of nodes  
 C T  
420A 46.6 15.6 n.s. 
161-49 45.8 44.2 n.s. 
157-11 40.6 44.2 n.s. 
SO4 44.0 50.4 n.s. 
140RU 55.0 64.4 n.s. 
775P 42.4 64.0 P<0.05 
1103P 48.0 58.2 n.s. 
101-14 47.8 55.0 n.s. 
3309 41.6 53.0 n.s. 
Tab. 2 - Total nr. of shoot nodes per vine - C = control; T = treatment A (treatment B had 
incomplete data). Means (n = 5). The data were subjected to 1 way ANOVA (n.s.: not significant).  
 
At the end of the growth season, in early winter, the percentage of rooting 
was measured, considering the plants with sprouted shoots out of the total 
(the cuttings in which no shoot was observed were considered as not 
rooted). In tab. 3 (the first column on the left) it can be seen that for two 
rootstocks (161-49 and 775P) the treatment A (before grafted cuttings 
forcing) was significantly effective; in the tab. 5, it can be noticed that for 
the only rootstock 140Ru the treatment B (after grafted cuttings forcing) 
was effective. It must be noticed that the rooting percentages were in 
general very low, considering the results of all rootstocks and all treatments 
(tab. 7); seven rootstocks had been below the 50% of rooting, that is surely 
not a very satisfying result for nursery standards. Probably, the 
exceptionally cold temperatures period in May, when the cuttings had just 
been transplanted, and roots were at early stage of developing, caused this 
setback, which influenced the whole process.  
After the collection of rooted cuttings from the field, other parameters were 
measured in the nursery (tab. 3, 4, 5 and 6): 
 nr. of primary roots per vine: there was not a clear set of results, and 
no significant differences were observed between treatments; 
 percentage of asymmetric roots: in general, there was a prevalence of 
asymmetric roots in not treated vines, indicating that the bacterial 
treatment could be effective for a better root architecture; 
 total biomass per vine (g): SO4 rootstock (treatment A, tab. 4) and 
101-14 rootstock (treatment B, tab. 6) had greater biomass of the 
vines than in the treated plants. It must be accounted, anyway, that 
the biomass of the vine is partially influenced by the percentage of 
rooting, that is to say that vines that grow more distant on the row 
(for the failure of other vines) have greater possibilities of growing. 
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The effect of poor rooting percentages on biomass, as above described, is 
well represented in tab. 5 and 6, where it can be seen that rootstocks with a 
very low rooting percentage (such as 161-49 and 157-11) have high 
biomass values as well. It is also interesting to notice that the rootstocks 
that are known to have high rooting abilities, such as 1103P, SO4 and 
3309, have confirmed this attitude, resulting significantly higher in rooting 
than the other rootstocks (see also fig. 1). 
As to the comparison between treatments (tab. 8 and fig. 1), treatment A 
was slightly better than B, and both A and B better than control, but not 
significantly.  
 
 % of rooting Nr. of primary roots 
 C T  C T 
420A 36.6 16.0 n.s. 5.3 4.0 
161-49 20.3 31.0 P<0.01 3.5 3.8 
157-11 15.0 16.7 n.s. 4.0 4.4 
SO4 63.7 51.3 n.s. 6.4 6.0 
140RU 30.8 25.7 n.s. 4.3 3.8 
775P 40.2 72.0 P<0.001 5.9 6.9 
1103P 75.5 81.0 n.s. 4.8 4.1 
101-14 45.3 52.3 n.s. 4.8 4.9 
3309 79.0 81.0 n.s. 6.2 6.9 
Tab. 3 - Performance of grafted cuttings in conventional nursery – 1st year ; treatment A (bacterial 
inoculum on cuttings before grafting); C = control, T = treated. Percentage of rooting: means (n = 
3); the data were subjected to one-way ANOVA (n.s.: not significant). Nr. of primary roots: means 
(n = 3); one-way ANOVA; no significant differences between means were found.  
 
 % asymmetric roots total biomass per vine (g) 
 C T C T  
420A 0 10.0 77.2 89.7 n.s. 
161-49 12.5 8.3 93.6 79.7 n.s. 
157-11 13.8 0 97.8 91.1 n.s. 
SO4 0 0 65.2 76.0 P<0.01 
140RU 7.5 0 90.5 89.9 n.s. 
775P 5.0 8.3 80.6 77.6 n.s. 
1103P 16.1 5.6 68.5 72.9 n.s. 
101-14 5.6 0 74.1 70.5 n.s. 
3309 10.0 4.2 54.9 52.6 n.s. 
Tab. 4 - Performance of grafted cuttings in conventional nursery – 1st year; treatment A (bacterial 
inoculum on cuttings before grafting); C = control, T = treated. Total biomass: means (n = 3); the 
data were subjected to one-way ANOVA (n.s.: not significant). 
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 % of rooting Nr. of primary roots 
 C T  C T 
420A 36.6 36.3 n.s. 5.3 5.2 
161-49 20.3 23.3 n.s. 3.5 3.7 
157-11 15.0 19.0 n.s. 4.0 2.9 
SO4 63.7 57.3 n.s. 6.4 6.6 
140RU 30.8 44.0 P<0.001 4.3 4.3 
775P 40.2 40.0 n.s. 5.9 7.0 
1103P 75.5 76.0 n.s. 4.8 4.3 
101-14 45.3 39.0 n.s. 4.8 5.9 
3309 79.0 75.0 n.s. 6.2 6.8 
Tab. 5 - Performance of grafted cuttings in conventional nursery – 1st year ; treatment B (bacterial 
inoculum on grafted cuttings after grafted cuttings forcing); C = control, T = treated. Percentage of 
rooting: means (n = 3); the data were subjected to one-way ANOVA (n.s.: not significant). Nr. of 
primary roots: means (n = 3); one-way ANOVA; no significant differences between means were 
found.  
 
 % asymmetric roots total biomass per vine (g) 
 C T C T  
420A 0 4.2 77.2 81.1 n.s. 
161-49 12.5 5.6 93.6 95.3 n.s. 
157-11 13.8 23.8 97.8 96.6 n.s. 
SO4 0 0 65.2 67.6 n.s. 
140RU 7.5 4.2 90.5 91.1 n.s. 
775P 5.0 0 80.6 90.6 n.s. 
1103P 16.1 11.1 68.5 77.0 n.s. 
101-14 5.6 0 74.1 80.8 P<0.05 
3309 10.0 0 54.9 54.2 n.s. 
Tab. 6 - Performance of grafted cuttings in conventional nursery – 1st year ; treatment B (bacterial 
inoculum on grafted cuttings after grafted cuttings forcing); C = control, T = treated. Total 
biomass: means (n = 3); the data were subjected to one-way ANOVA (n.s.: not significant). 
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 % 
rooting 
Nr. of 
primary 
roots 
Total 
biomass 
per vine 
420A 31.4 d 4.9 bc 68.4 c 
161-49 23.8 e 3.6 e 90.5 a 
157-11 16.4 f 3.9 de 84.0 ab 
SO4 59.0 b 6.4 a 68.4 c 
140RU 32.8 d 4.2 de 93.0 a 
775P 48.1 c 6.5 a 84.1 ab 
1103P 77.0 a 4.4 cd 72.3 c 
101-14 45.5 c 5.2 b 74.6 bc 
3309 78.5 a 6.6 a 54.7 d 
Tab. 7 - Performance of grafted cuttings in conventional nursery – 1st year – Comparison among 
rootstocks. The data were subjected to 2 ways ANOVA. Means (n = 12). Different letters indicate 
significantly different means (P<0.05). Percentage of rooting: LSD = 5.00. Nr. of primary roots: 
LSD = 0.64. Total biomass per vine LSD = 9.84. 
 
 % 
rooting 
Nr. of 
primary 
roots 
Total 
biomass 
per vine 
control 45.2 5.1 77.5 
Treatment A 47.4 5.0 75.7 
Treatment B 45.6 5.2  76.2 
Tab. 8- Performance of grafted cuttings in conventional nursery – 1st year – Comparison between 
treatments. The data were subjected to 2 ways ANOVA. Means (n = 27). No significant differences 
among means were found. 
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Fig. 1 – Rooting percentage of the tested rootstocks, 9 bars on the left, and of the tested treatments 
(A and B), 3 bars on the right (conventional nursery, 1
st
 year). Different letters indicate 
significantly different means (P<0.05). LSD = 5.00. 
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Organic nursery  
 
In the organic nursery only one rootstock was tested, 1103P; the rooting 
percentage, the number of primary roots and the total biomass per vine 
were significantly higher in treated plants than in control plants (tab. 9 and 
10). As to the roots architecture, there was a noticeable effect of the 
bacterial treatment, that reduced the percentage of asymmetric roots (tab. 
10). It seemed, comparing the two types of nurseries, that the organic one 
was better than the conventional, but the trials are not easily comparable, 
owing to the difference in the number of tested rootstocks. 
 
 % rooting Nr. of primary roots 
 C T  C T  
1103P 60.5 66.8 P<0.05 7.7 8.9 P<0.01 
Tab. 9 - Performance of grafted cuttings in organic nursery – 1st year; C = control, T = treated. 
Percentage of rooting: means (n = 3); the data were subjected to one-way ANOVA. Nr. of primary 
roots: means (n = 70); non-parametric one-way ANOVA Kruskall-Wallis test. Total biomass: 
means (n = 24); one-way ANOVA. 
 
 % asymmetric roots total biomass per vine (g) 
 C T C T  
1103P 25.7 4.3 64.6 74.3 P<0.05 
Tab. 10 - Performance of grafted cuttings in organic nursery – 1st year; C = control, T = treated. 
Total biomass: means (n = 24); the data were subjected to one-way ANOVA. 
 
Nursery trials 2nd year 
Conventional nursery  
In the second year of trials the tested rootstocks in conventional nurseries 
were 420A and 775P. In general, results were far better than the previous 
year, considering the very high rooting percentages that were obtained (just 
below 90% for 420A and about 95% for 775P), probably because there 
were better climatic conditions during the growth season in the field. The 
result of the rooting percentage of 420A is particularly surprising, 
considering the low rooting percentage (31%) that was obtained in the 
previous trials; as a matter of fact, this rootstock was chosen just for the 
poor results of the first year, in order to balance the other rootstock, 775P, 
one of the best. In this context, it is rather reasonable to expect that the 
bacterial treatment could not enhance the rooting abilities of the two 
rootstocks. At any rate, a strong effect of the bacterial treatment was 
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registered as to the number of primary roots per vine, and as to the total 
biomass per vine, for both rootstocks. In particular, treated 775P vines had 
the number of roots increased more than a half, and the biomass increased 
more than one third (tab. 13). Moreover, it was confirmed the positive 
results related to the increase of the callus diameter at the end of the grafted 
cuttings forcing (tab. 11). The total number of shoot nodes per vine did not 
change significantly (tab. 12).  
 
 Callus diameter (mm)  
 C T  
420A 17.0 19.1 P<0.05 
775P 17.1 17.9 n.s. 
Tab. 11 - Diameter of graft callus (mm) after the grafted cuttings forcing - C = control; T = 
treatment A. Means (n = 10). The data were subjected to 1 way ANCOVA (n.s.: not significant); 
dependent variable: callus diameter; concomitant variable: cutting diameter. Observed means are 
represented in the table. 
 
 
 Nr. of nodes 
 C T 
420A 13.2 15.1 
775P 15.6 15.3 
Tab. 12 - Total nr. of shoot nodes per vine - C = control; T = treatment. Means (n = 30). The data 
were subjected to 1 way ANOVA. No significant differences between means were found. 
 
 % rooting Nr. of primary roots total biomass per vine 
(g) 
 C T  C T  C T  
420A 90.0 84.8 P<0.05 6.0 6.8 P<0.001 58.0 64.3 P<0.01 
775P 96.1 94.2 n.s. 11.2 17.6 P<0.001 59.3 80.7 P<0.001 
Tab. 13 - Performance of grafted cuttings in conventional nursery – 2nd year; C = control, T = 
treated. Percentage of rooting: means (n = 6); the data were subjected to non-parametric one-way 
ANOVA Kruskall-Wallis test (n.s.: not significant). Nr. of primary roots: means (n = 100); non-
parametric one-way ANOVA Kruskall-Wallis test. Total biomass: means (n = 100); one-way 
ANOVA.  
 
Organic nursery  
Also in the organic nursery the diameter of the callus at the graft junction 
was significantly higher in the treated grafted cuttings (tab. 14), confirming 
the previous results; it could be speculated that the bacterial cells, adhering 
to the grafted cutting tissues, caused a more rapid proliferation of the callus 
cells, thanks probably to hormonal additional biosynthesis. This could be 
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exploited at the nursery level as regards the possible reduction of the period 
of grafted cuttings forcing, which can lead to lower energy inputs and 
better timing of the nursery operations.  
 
 Callus diameter (mm)  
 C T  
775P 16.9 18.7 P<0.05 
Tab. 14 - Diameter of graft callus (mm) after the grafted cuttings forcing - C = control; T = 
treatment A. Means (n = 10). The data were subjected to 1 way ANCOVA.; dependent variable: 
callus diameter; concomitant variable: cutting diameter. Observed means are represented in the 
table. 
 
In the fig. 2, the effect of the bacterial treatment on the graft diameter after 
the grafted cuttings forcing is summarized; it can be seen that this effect is 
generally positive and constant over the two years. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 – Graft callus diameter (mm) for all rootstocks of 1st year (1st bar on the left), for 420A and 
775P of 1
st
 year (middle), and for 420A and 775P of 2
nd
 year (far right). * P<0.05 ; ** P<0.01 ; *** 
P<0.001. 
 
The performance of the grafted cuttings in the organic nursery is 
summarized in tab. 15 and 16 . The percentage of rooting was in general 
very high (about 90%), as in the conventional nursery. In this case as well, 
the effect of the bacterial treatment is not appreciable for the rooting 
percentage, probably for the same reason as written above; while the 
number of roots did not substantially change between treatment and 
control, total biomass per vine was significantly higher for treated vines, 
and the percentage of asymmetric roots was lesser, confirming the results 
observed in the first year trials. 
0
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 % rooting Nr. of primary roots 
 C T  C T  
775P 90.8 89.5 n.s. 4.9 5.0 n.s. 
Tab. 15 - Performance of grafted cuttings in organic nursery; C = control, T = treated. – 2nd year; C 
= control, T = treated. Percentage of rooting: means (n = 6); the data were subjected to non-
parametric one-way ANOVA Kruskall-Wallis test (n.s.: not significant). Nr. of primary roots: 
means (n = 38); non-parametric one-way ANOVA Kruskall-Wallis test.  
 
 % asymmetric roots total biomass per vine (g) 
 C T C T  
775P 14.3 2.6 61.1 69.9 P<0.05 
Tab. 16 - Performance of grafted cuttings in organic nursery; C = control, T = treated. – 2nd year; C 
= control, T = treated. Total biomass: means (n = 31); the data were subjected to one-way ANOVA. 
 
The number of primary roots (fig. 3), and the biomass per vine (fig. 4), the 
two parameters which have been more influenced by the bacterial 
treatment, are represented in the following graphs, in which the results of 
the second year trials are summarized. It can be noticed the significant 
effect of the bacterial inoculation on the biomass per vine for all the tested 
rootstocks.  
 
Fig. 3 – Number of primary roots - 2nd year (* P<0.05 ; ** P<0.01 ; *** P<0.001). 
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Fig. 4 – Biomass of rooted grafted cuttings (g) - 2nd year (* P<0.05 ; ** P<0.01 ; *** P<0.001). 
 
Greenhouse rooting trials with cuttings 
Grafted cuttings of 420A from the conventional nursery (first year trials) 
were taken in May 2009 and grown in pots (with an organic commercial 
substrate) in a greenhouse, in order to test rooting ability, comparing 
treated cuttings (with the same bacterial suspension as usual) with not 
treated ones. Rooting and growth parameters were then measured in 
November 2009, as represented in tab. 17; growth parameters were greater 
in the treated cuttings, while rooting percentage was lesser; no significant 
differences were found. 
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 Total nr. of 
nodes 
Total length of 
shoots (cm)  
% rooting 
 C T C T C T 
420A 12.1 15.2 40.9 44.1 95 80 
Tab. 17 – Rooting percentage and growth parameters of potted grafted cuttings (420A rootstock - 
from conventional nursery); C = control, T = treated. Means (n = 20). No significant differences 
between means were found. 
 
In February 2010 chemical analyses of roots and wood taken from the 
grafted cuttings were carried out (tab. 18 and 19); the percentage of dry 
matter was greater in treated cuttings (even if not significantly), whereas 
the total phenols content was far lesser. It is not easy to comment these data 
about phenols content, which differ at all with the general trend of treated 
samples to be richer in phenols than not treated ones; probably diverse 
factors, such as genotype (in this case the 420A rootstock), or the kind of 
plant material (rooted grafted cuttings), can severely influence the effects 
of the bacterial treatments on plants.  
 
 Total phenols (g/kg fw)  
 C T  
420A (roots) 5.67 1.99 P<0.001 
Tab. 18 – Total phenols of roots of 420A rooted grafted cuttings (from conventional nursery); C = 
control, T = treated. Means (n = 20). The data were subjected to 1 way ANOVA.  
 
 % dry matter Total phenols (g/kg fw) 
 C T  C T  
420A (wood) 48.0 49.6 n.s. 3.42 1.91 P<0.001 
Tab. 19 – Dry matter (%) and total phenols of wood of 420A rooted grafted cuttings (from 
conventional nursery); C = control, T = treated. Means (n = 3). The data were subjected to 1 way 
ANOVA (n.s.: not significant). 
 
Molecular and chemical analyses 
Isolation and characterization of bacterial endophytes 
The 34 bacterial isolates which were obtained from different tissue (roots, 
callus and wood), comprising three isolates coming from pure culture of 
Azospirillum brasilense Sp245, were characterized and sorted depending on 
the colony morphology; apart from the well known morphology of the pure 
colonies of A. brasilense Sp245 (white flat colonies turning to faint salmon 
pink), 5 different morphotypes were described:  
 Flat yellow-ochre colonies with irregular edge; 
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 Umbonate bright white colonies with regular edge; 
 Flat white colonies with fringed edge; 
 Bright yellow colonies with regular edge; 
 Flat milk white colonies with very fringed edge. 
Successive molecular characterization of the isolates implied the PCR 
amplification of the 16S rDNA region; amplification products were run by 
means of gel electrophoresis; each separation was compared to a 1Kbp 
marker. The expected size of 1,500 bp was confirmed by the visualization, 
an example of which is represented in fig. 5. 
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Fig. 5 - Profile of the amplification products of 16S rDNA of some isolates using primers f27 and 
r1492.  M = marker; C = negative control. 
 
Successively, the technique ARDRA (amplified ribosomal DNA restriction 
analysis) was performed to analyze the diversity of the amplicons coming 
from the 16S rDNA amplification; three restriction enzymes were used to 
obtain a satisfying grouping of the amplicons: AluI, RsaI, and HinfI. An 
example of the restriction profiles of some isolates using the enzyme RsaI 
is shown in fig. 6. 
RESULTS AND DISCUSSION 
52 
 
 
 
 
                 M     14     15     16    17   19     20    22    23   24    M 
 
 
 
3000 
2000 
1500 
1000 
800 
600 
500 
400 
300 
200 
150 
100 
 
 
 
 
 
Fig. 6 - Restriction profiles with the enzyme RsaI of some isolates. M = marker. 
 
Operational taxonomic units (OTU) were sorted according to the cluster 
analysis of the obtained bands after the agarose gel electrophoresis (fig. 7). 
No isolate showed a profile similar to the reference strain A. brasilense 
Sp245 (numbers 5, 8 and 9). 
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Fig. 7- cluster analysis diagram showing the OTU obtained comparing results of agarose gel 
electrophoresis of the 16S rDNA amplicons. 
 
Some amplicons that represented the obtained OTU were chosen to be 
purified and sequenced. In tab. 20 the sequence similarities of eighteen 
bacterial isolates to closest relatives are shown; besides, the isolate 8 (pure 
culture of Azospirillum brasilense Sp245) was added as reference. It was 
confirmed that no isolate belonged to the species A. brasilense; this 
indicates that the inoculated cells did not enter the grapevine tissues, or that 
only a very limited population of cells did so, not enough to be revealed by 
the techniques of isolation used in this work.  
As shown in the table, the bacterial endophytes were found in various 
grapevine tissues: wood of cuttings (15 isolates), root of grafted cuttings (2 
isolates), and callus of the graft zone in grafted cuttings (1 isolate). Apart 
from the pure culture of A . brasilense, the eighteen identified isolates 
belong to the genera Pseudomonas (6 isolates), Agrobacterium (2 isolates), 
Pantoea (1 isolate), Stenotrophomonas (2 isolates), Lysobacter (2 isolates), 
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that are Gram negative, and Bacillus (5 isolates) that is Gram positive. The 
genus Agrobacterium is represented by the species Agrobacterium 
tumefaciens, which is well known to be pathogenic for grapevine; two 
isolates belonging to this pathogen were found in wood tissue (cutting) and 
in root tissue (rooted grafted cutting). The genera Pseudomonas, Pantoea, 
Bacillus comprise diverse species that have been found as endophytes in 
grapevine (Bell et al., 1995; Bulgari et al., 2009); species of the genus 
Stenotrophomonas are known to have been found as endophytes in plants, 
such as cotton (Bacon Hinton 2007) and dune grasses (Rosenblueth and 
Martínez-Romero, 2006). Species of the genus Lysobacter have been found 
to live in a variety of soils and to be associated to plant rhizosphere; along 
with species of the genus Stenotrophomonas, they have been proposed for 
biological control of plant pathogens, mainly fungi, owing to the ability of 
producing antibiotics and to live in associations with plants (Kilic-Ekici 
and Yuen, 2003; Hayward et al., 2010). In particular, the species 
Lysobacter gummosus, whose colonies on Nutrient agar plate are shown in 
fig.8, is able to produce the antibiotic 2,4–diacetylphloroglucinol (DAPG), 
that is intensively studied in the interactions between plants and soil 
microbes and endophytes (Compant et al., 2005a; Mercado-Blanco and 
Bakker, 2007). This biocontrol compound has recently been associated to 
populations of root-colonizing fluorescent Pseudomonas species able to 
suppress grapevine diseases in soils (Svercel et al., 2009). Species of the 
genus Lysobacter have shown characteristics of noticeable agricultural 
importance, for their ability to suppress the pathogenic fungus Rhizoctonia 
solani (Postma et al., 2008). The studies about the relationship between 
plants and the species of the genus Lysobacter are still at an early stage, but 
seem very promising for future application in sustainable agricultural 
systems. 
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Endophyte Identification 
% of 
identity Origin of isolation Colony color 
2 Pseudomonas sp. 98 WOOD white 
3 
Agrobacterium 
tumefaciens 97 WOOD white 
8 Azospirillum brasilense 99 PURE CULTURE white 
14 Pseudomonas sp. 99 WOOD white 
15 Bacillus megaterium 99 WOOD white 
17 Pantoea agglomerans 96 WOOD yellow 
20 Pseudomonas coreensis 99 CALLUS white 
21 Bacillus psychrodurans 93 WOOD white 
22 
Stenotrophomonas 
maltofila 99 WOOD white 
26 Bacillus cereus 100 WOOD white 
28 Bacillus subtilis 100 WOOD white 
30 Pseudomonas spp. 99 WOOD white 
33 
Agrobacterium 
tumefaciens 97 ROOT white 
35 Pseudomonas reactans 99 ROOT white 
36 Stenotrophomonas spp. 97 WOOD white 
37 Lysobacter gummosus 100 WOOD yellow 
39 Lysobacter spp. 99 WOOD yellow 
41 Pseudomonas spp. 100 WOOD white 
42 Bacillus simplex 99 WOOD white 
Tab. 20 – Identification of endophytic bacterial isolates by means of 16S rDNA amplification and 
sequencing. 
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Fig. 8 - Colonies of Lysobacter gummosus cultured on Nutrient Agar after isolation from grapevine 
cuttings wood. 
 
Chemical analyses of roots and leaves samples 
Roots – conventional nursery 
The dry matter content and total phenols were significantly greater in roots 
of the treated plants than in the control (tab. 21); ash content as well was 
greater, with a noteworthy increase for 420A of about 50% (tab. 22). As to 
mineral elements, phosphorus level was significantly higher only for 775P 
rootstock (tab. 23); iron level was higher for both rootstocks, but no 
statistical analysis is available (tab. 24).  
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 % dry matter Total phenols (g/kg fw) 
 C T  C T  
420A 45.3 48.5 P<0.05 7.53 9.40 P<0.001 
775P 45.9 49.9 P<0.05 4.06 4.48 P<0.001 
Tab. 21– Chemical analyses of roots samples taken from rooted grafted cuttings (from conventional 
nursery) during winter storage; C = control, T = treated. Means: dry matter n = 3; total phenols n 
= 5. The data were subjected to one-way ANOVA.  
 
 % ash 
 C T 
420A 4.58 7.08 
775P 4.29 4.54 
Tab. 22 – Chemical analyses of roots samples taken from rooted grafted cuttings (from 
conventional nursery) during winter storage; C = control, T = treated.  
 
 Nitrogen (N % dw) Phosphorus (P mg/kg dw)  
 C T C T  
420A 2.94 2.24 325 248 n.s. 
775P 3.50 2.94 292 316 P<0.001 
Tab. 23 – Chemical analyses of roots samples taken from rooted grafted cuttings (from 
conventional nursery) during winter storage; C = control, T = treated. Means (phosphorus n = 3). 
The data were subjected to one-way ANOVA (n.s.: not significant).  
 
 Calcium 
(Ca mg/kg dw) 
Magnesium 
(Mg mg/kg dw)  
Potassium 
( K mg/kg dw) 
Iron 
(Fe mg/kg dw) 
 C T C T C T C T 
420A 6500 7500 950 925 2250 1750 400 650 
775P 8250 6750 1100 975 3000 2500 450 750 
Tab. 24 – Chemical analyses of roots samples taken from rooted grafted cuttings (from 
conventional nursery) during winter storage; C = control, T = treated.  
 
Roots – organic nursery 
The dry matter content was greater in the treated plants than in the control, 
even if not statistically significantly; total phenols content was significantly 
greater in roots of the treated plants than in the control (tab. 25). As to 
mineral elements, phosphorus level was slightly higher, but not statistically 
significantly (tab. 26). The other mineral elements are shown in tab. 27.  
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 % dry matter % ash Total phenols (g/kg fw) 
 C T  C T  C T  
775P 46.6 47.4 n.s. 5.48 5.46 n.s. 3.86 5.08 P<0.001 
Tab. 25 – Chemical analyses of roots samples taken from rooted grafted cuttings (from organic 
nursery) during winter storage; C = control, T = treated. Dry matter and ash: means (n = 3). Total 
phenols: means (n = 5). The data were subjected to one-way ANOVA (n.s.: not significant).  
 
 Nitrogen (N % dw) Phosphorus (P mg/kg dw)  
 C T C T  
775P 2.52 1.96 443 454 n.s. 
Tab. 26 – Chemical analyses of roots samples taken from rooted grafted cuttings (from organic 
nursery) during winter storage; C = control, T = treated. Phosphorus: means (n = 3); the data were 
subjected to one-way ANOVA (n.s.: not significant). 
 
 Calcium 
(Ca mg/kg dw) 
Magnesium 
(Mg mg/kg 
dw)  
Potassium 
( K mg/kg dw) 
Iron 
(Fe mg/kg 
dw) 
 C T C T C T C T 
775P 6500 7000 1250 1225 3750 3500 700 700 
Tab. 27 – Chemical analyses of roots samples taken from rooted grafted cuttings (from organic 
nursery) during winter storage; C = control, T = treated.  
 
Leaves – conventional nursery 
While contents in dry matter do not confirm the results obtained for roots, 
total phenols in leaves do confirm such results, even if only for 775P 
rootstock, whose leaves contain significantly more phenols in treated plants 
than in control (tab. 28). Iron level as well is significantly higher for both 
rootstocks in treated plants compared to the control (tab. 29 and 30). 
Proline was also determined in leaves (tab. 31).  
 
 % dry matter Total phenols (g/kg fw) 
 C T  C T  
420A 35.3 35.2 n.s. 3.48 3.51 n.s. 
775P 32.2 32.4 n.s. 2.24 2.49 P<0.01 
Tab. 28 – Chemical analyses of leaves samples taken from potted vines (from conventional nursery) 
during the first year of growth; C = control, T = treated. Means (n = 3). The data were subjected to 
one-way ANOVA (n.s.: not significant).  
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 Calcium 
(Ca mg/kg dw) 
Magnesium 
(Mg mg/kg dw)  
Potassium 
( K mg/kg dw) 
 C T C T C T 
420A 8800 9467 2080 2120 24000 26000 
775P 8533 8400 1480 1547 24000 22000 
Tab. 29 – Chemical analyses of leaves samples taken from potted vines (from conventional nursery) 
during the first year of growth; C = control, T = treated.  
 
 Iron (Fe mg/kg dw)  
 C T  
420A 74.7 90.7 P<0.01 
775P 108 113 P<0.05 
Tab. 30 – Chemical analyses of leaves samples taken from potted vines (from conventional nursery) 
during the first year of growth; C = control, T = treated. Iron: means (n = 3). The data were 
subjected to one-way ANOVA.  
 
 Proline (mg/kg fw) 
 C T 
420A 5.56 5.52 
775P 10.54 8.55 
Tab. 31– Chemical analyses of leaves samples taken from potted vines (from conventional nursery) 
during the first year of growth; C = control, T = treated. Means (n = 3). The data were subjected to 
one-way ANOVA; no significant differences between means were found.  
 
Leaves – organic nursery 
The results of the chemical analyses of leaves of organically grown vines 
(775P rootstock) are shown in tab. 32, 33, and 34. 
 
 % dry matter Total phenols (g/kg fw) 
 C T C T 
775P 36.4 36.1 2.24 2.26 
Tab. 32 – Chemical analyses of leaves samples taken from potted vines (from organic nursery) 
during the first year of growth; C = control, T = treated. Means (n = 3). The data were subjected to 
one-way ANOVA; no significant differences between means were found.  
 
RESULTS AND DISCUSSION 
60 
 
 Calcium 
(Ca mg/kg dw) 
Magnesium 
(Mg mg/kg 
dw)  
Potassium 
( K mg/kg dw) 
Iron 
(Fe mg/kg 
dw) 
 C T C T C T C T 
775P 18800 15200 2093 2680 4000 3200 333 267 
Tab. 33 – Chemical analyses of leaves samples taken from potted vines (from organic nursery) 
during the first year of growth; C = control, T = treated.  
 
 Proline 
 (mg/kg fw) 
 C T 
775P 5.56 4.77 
Tab. 34 – Chemical analyses of leaves samples taken from from potted vines (from organic nursery) 
during the first year of growth; C = control, T = treated. Means (n = 3). The data were subjected to 
one-way ANOVA; no significant differences between means were found. 
 
The increase in dry matter that has been observed in roots of treated plants, 
in both types of nurseries, in comparison with control (fig. 9), suggests that 
the bacterial treatment can increase the dry weight of plants, confirming the 
results obtained for other crops when treated with A. brasilense Sp245, 
such as tomato, pepper, cotton, and wheat (Bashan et al., 2004). 
The augmented content of total phenols in roots (highly significant) and in 
leaves (only in one case significantly) of treated plants (fig. 10) is of 
noticeable importance, owing to the prominent role of these compounds in 
the enhancement of plant defences. Accumulation of phenolic compounds 
has been reported by a series of articles regarding the effects of systemic 
resistance inducing PGPRs on a variety of crops, including grapevine, and 
it has been associated with the enhancement of plant defence 
(Ramamoorthy et al., 2001; Compant et al., 2005b; Ait Barka et al., 2006). 
As to mineral elements, an increased content of phosphorus was observed 
in roots, only for 775P rootstock in conventional nursery. Iron content was 
higher in treated plants coming from conventional nurseries (both in roots 
and leaves); this fact can be of applicative importance, considering the well 
known difficulties of some grapevine rootstocks to extract adequate 
amounts of this element from highly calcareous soils. Iron content of leaves 
(fig. 11) seems to be positively influenced by the bacterial treatment only at 
low concentrations of the element (conventional nursery). 
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Fig. 9 – Percentage of dry matter of roots and leaves – 2nd year. * P<0.05 ; ** P<0.01 ; *** P<0.001. 
 
Fig. 10 – Concentration of total phenols (g/kg fw) in roots, and in leaves – 2nd year. * P<0.05 ; ** 
P<0.01 ; *** P<0.001. 
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Fig. 11 – Concentration of iron (Fe mg/kg dw) in leaves – 2nd year. * P<0.05 ; ** P<0.01 ; *** 
P<0.001. 
 
Growth measurements and observations on vines 
 
First year 
Some rooted grafted cuttings coming from the first year organic nursery 
trials (rootstock 1103P) were potted and grown in open fields; some growth 
parameters were measured and the total number of nodes was significantly 
greater in the treated vines (tab. 35). 
 
 Total nr. of nodes Total length of shoots (cm) 
 C T  C T  
1103P 77.2 107 P<0.05 264 278 n.s. 
Tab. 35 – Growth parameters of potted vines (1103P rootstock - from organic nursery) during the 
first year of growth; C = control, T = treated. Means (n = 10). The data were subjected to one-way 
ANOVA (n.s.: not significant).  
 
Second year 
In the second year as well some rooted grafted cuttings coming from 
nursery trials were potted and grown in open fields. Measured growth 
parameters for vines coming from the conventional nursery are shown in 
tab. 36; no statistically significant differences were found. As to the vines 
coming from the organic nursery, they were transplanted in a vineyard at 
the Collemassari farm (Cinigiano, Grosseto, Italy) during the early spring 
after the winter storage in refrigerated cell. The total number of leaves was 
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determined in early August, whereas the total number of nodes and the total 
length of shoots were measured in late November (tab. 37). It is possible to 
notice that all the growth parameters were greater, though not significantly, 
in the treated vines than in control vines.  
 
 Nr. of nodes Length of shoots 
(cm)  
 C T C T 
420A 36 35.8 121 119 
775P 41.5 40.3 146 155 
Tab. 36 – Growth parameters of potted vines (from conventional nursery) during the first year of 
growth in open spaces; C = control, T = treated. Means (420A n = 10 ; 775P n = 6). The data were 
subjected to one-way ANOVA; no significant differences between means were found. 
  
 Nr. of leaves Nr. of nodes Total length of 
shoots (cm)  
 C T C T C T 
775P 34.0 39.1 30.5 39.3 63.6 77.5 
Tab. 37 – Growth parameters of field-transplanted vines (from organic nursery) during the first 
year of growth at Collemassari farm; C = control, T = treated. Means (total nr. of leaves - n = 20; 
total nr. of nodes – n = 15). The data were subjected to one-way ANOVA; no significant differences 
between means were found. 
 
Drought resistance and simulation of drought stress 
Drought resistance – rooting trials in greenhouse 
During the growth season, in late June, stomatal conductance and net 
photosynthesis were measured on leaves in vivo by means of the IRGA 
analyzer. In tab. 38, it is possible to notice the significantly greater values 
of the two parameters of control theses in comparison with treated plants, 
indicating that the bacterial treatment had effectively decreased the 
stomatal aperture and the photosynthetic activity of the young potted 
plants. It is a remarkable result, considering that the bacterial treatment 
(just the addition of the bacterial suspension to the substrate) was much 
simpler and easier than the treatment that had been performed in the 
nurseries.  
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 Stomatal conductance  
(mol H2O m
-2
 s
-1
) 
Net photosynthesis 
(μmol CO2 m
-2
 s
-1
) 
 C T  C T  
420A 0.237 0.173 P<0.05 11.05 9.04 P<0.05 
Tab. 38 - Stomatal conductance (mol H2O m
-2
 s
-1
) and Net photosynthesis (μmol CO2 m
-2
 s
-1
) 
measured on leaves of potted rooted grafted cuttings (from conventional nursery); C = control, T = 
treated. Means (n = 9). The data were subjected to 1 way ANOVA.  
 
Drought resistance – potted vines 
The potted vines of 775P and of 420A from conventional nursery (tab. 39) 
showed greater values of the two parameters for the control theses in 
comparison with treated plants, though significantly only for 775P.  
 
 Stomatal conductance  
(mol H2O m
-2
 s
-1
) 
Net photosynthesis 
(μmol CO2 m
-2
 s
-1
) 
 C T  C T  
420A 0.179 0.161 n.s. 9.97 9.00 n.s. 
775P 0.216 0.158 P<0.05 10.12 8,69 P<0.05 
Tab. 39 - Stomatal conductance (mol H2O m
-2
 s
-1
) and net photosynthesis (μmol CO2 m
-2
 s
-1
) 
measured on leaves of potted vines (from conventional nursery); C = control, T = treated. Means (n 
= 9). The data were subjected to 1 way ANOVA(n.s.: not significant).  
 
Drought resistance – field-transplanted vines 
As to the vines at Collemassari farm (775P from organic nursery), 
measures were executed in August (tab. 40); greater values of the two 
parameters (though significantly only for the stomatal conductance) are 
shown for control in comparison with treated plants.  
 
 Stomatal conductance  
(mol H2O m
-2
 s
-1
) 
Net photosynthesis 
(μmol CO2 m
-2
 s
-1
) 
 C T  C T  
775P 0.265 0.224 P<0.05 12.66 11.33 n.s. 
Tab. 40 - Stomatal conductance (mol H2O m
-2
 s
-1
) and net photosynthesis (μmol CO2 m
-2
 s
-1
) 
measured on leaves of field-transplanted vines (from organic nursery) during the first year of 
growth at Collemassari farm; C = control, T = treated. Means (n = 9). The data were subjected to 1 
way ANOVA (n.s.: not significant).  
 
As a whole, these results indicate that the bacterial treatment had 
effectively lowered the stomatal aperture and the photosynthetic activity of 
the young plants. The stomatal conductance and the net photosynthesis of 
leaves of potted and transplanted vines (rootstocks 420A and 775P) are 
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shown respectively in fig. 12 and in fig. 13. This is just one of the typical 
plant responses to the recognition of PAMPs or MAMPS (Nicaise et al., 
2009); (Zipfel and Robatzek, 2010), that is justified by the fact that 
stomatal closure leads to lesser exposure of plants to pathogens. In this 
case, one could speculate that the inoculation of grapevine grafted cuttings 
with A. brasilense has triggered, probably by means of high concentrations 
of flagellin (a well known elicitor found in bacterial flagella), a typical 
MAMP response, resulting in stomatal closure of the leaves of the treated 
plants. As mentioned above, these results (i.e. lesser stomatal conductance 
and lesser neat photosynthesis of the treated plants) have been obtained 
also in potted rooted grafted cuttings in a greenhouse, with a simple 
bacterial treatment (aliquots of bacterial suspension poured onto the 
substrates after transplant).  
 
Fig. 12 - Stomatal conductance (mol H2O m
-2
 s
-1
) measured on leaves of potted (420A and 775P – on 
the left), and of transplanted vines (775P Collemassari – on the right). * P<0.05 ; ** P<0.01 ; *** 
P<0.001. 
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Fig. 13 - Net photosynthesis (μmol CO2 m
-2
 s
-1
) measured on leaves of potted (420A and 775P – on 
the left), and of transplanted vines (775P Collemassari – on the right). * P<0.05 ; ** P<0.01 ; *** 
P<0.001. 
 
Simulation of drought resistance (experiment 1) - potted vines in open 
spaces (June 2010) 
In the graph of fig. 14, it is possible noticing that shoots in treated plants 
(green and purple lines) show greater growth than shoots in not treated 
plants; moreover, differences between the treated plants (T and T S - green 
and purple lines) are much lesser than differences between the not treated 
plants (C and C S – blue and red lines); these differences are not 
statistically significant, nevertheless they seem suggestive of a biological 
behaviour. 
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Fig. 14 - Shoots length from June 11
th
 to June 19
th 
during drought stress simulation in open space; 
rootstock 420A; C = control, C S = stressed control, T = treated, T S = treated stressed. Means 
(n=5). 
 
If one evaluates the increases in shoots length from the date of 11
th
 June 
(fig. 15), it is apparent that the not treated and not stressed plants (control) 
– in the fig. 15 the blue line (C) – had much greater shoots growth 
increases than the stressed control – the red line (CS); the drought stress 
inhibited severely plants growth. The treated plants, though – purple and 
green lines (T and TS) – did not show any prominent difference in plants 
growth; in this case, it seems that the drought stress did not make any 
negative effect on growth. Hence, the bacterial treatment seems to oppose 
the effects of water scarcity stress.  
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Fig. 15 - Increases of shoots length from June 11
th
 to June 19
th 
during drought stress simulation in 
open space; rootstock 420A; C = control, C S = stressed control, T = treated, T S = treated stressed. 
Means (n=5). 
 
Results as to the stomatal conductance measures are represented in tab. 41 
and in fig. 16; significantly greater values are shown for control plants – 
blue line in fig. 16 (C) – in comparison to the stressed control – red line 
(CS) – indicating a noteworthy negative effect of withdrawn irrigation on 
stomatal aperture. The treated plants – green and purple lines (T and TS) – 
do not show a similar behaviour; their values are not statistically different 
(except for one date, column 5), indicating that the drought stress did not 
have any considerable influence on stomatal aperture.  
 
days 1 3 5 7 9 11 14 
C 0.21 a 0.19 a 0.20 a 0.21 a 0.26 a 0.28 a 0.31 a 
C S 0.16 ab 0.08 b 0.08 bc 0.13 ab 0.18 b 0.22 ab 0.23 b 
T 0.15 b 0.12 b 0.11 b 0.15 ab 0.17 b 0.20 bc 0.23 b 
T S 0.13 b 0.07 b 0.06 c 0.09 b 0.14 b 0.14 c 0.19 b 
Tab. 41 – Stomatal conductance (mol H2O m
-2
 s
-1
) during drought stress simulation in open space; 
rootstock 420A; C = control, C S = stressed control, T = treated, T S = treated stressed. Means (n = 
5). The data were subjected to one-way ANOVA; different letters indicate significantly different 
means (P<0.05); difference between means was determined with LSD test. 
 
 
 
RESULTS AND DISCUSSION 
69 
 
 
 Fig. 16 – Stomatal conductance (mol H2O m
-2
 s
-1
) during drought stress simulation in open space; 
rootstock 420A; C = control, C S = stressed control, T = treated, T S = treated stressed. Means 
(n=5).  
 
 
Net photosynthesis, that was measured along the 14 days of the experiment, 
is shown in tab. 42 and in fig. 17. Except for the first date, all the values 
regarding the control – blue line (C) in fig. 17 – are significantly greater 
than the ones regarding the stressed control – red line (CS). Between 
treatment and stressed treatment – respectively green and purple lines (T 
and TS) – there are not significant differences, except for two dates. On the 
whole, it is possible to affirm that the bacterial treatment reduced the neat 
photosynthesis, curbing the effects of drought stress on plants. 
 
days 1 3 5 7 9 11 14 
C 11.89 a 12.18 a 13.50 a 14.70 a 13.26 a 13.15 a 13.08 a 
C S 10.59 a 6.36 c 6.89 c 9.73 b 9.97 b  9.78 b 9.74 b 
T 10.93 a 9.44 b 9.62 b 10.80 b 9.28 b 10.92ab 10.84 b 
T S 10.84 a 6.82 c 5.90 c 7.83 b 9.50 b 8.87 b 9.20 b 
Tab. 42 – Net photosynthesis (μmol CO2 m
-2
 s
-1
) during drought stress simulation in open space; 
rootstock 420A; C = control, C S = stressed control, T = treated, T S = treated stressed. Means (n = 
5). The data were subjected to one-way ANOVA; different letters indicate significantly different 
means (P<0.05); difference between means was determined with LSD test. 
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Fig. 17 – Net photosynthesis (μmol CO2 m
-2
 s
-1
) during drought stress simulation in open space; 
rootstock 420A; C = control, C S = stressed control, T = treated, T S = treated stressed. Means (n = 
5). 
 
Simulation of drought resistance (experiment 2) - potted vines in a 
greenhouse (August – September 2010) 
Stomatal conductance was measured along the period of the experiment 
(tab. 43): on the 18
th
 and the 23
rd
 August (8 and 13 days after the beginning 
of the experiment), the C thesis showed significantly higher values than the 
other theses. Later, the stressed plants showed remakable reduced stomatal 
conductances, due to the prolonged withdrawal of irrigation.  
As to net photosynthesis (tab. 44), there are not differences between treated 
and not treated plants; the plants response, about photosynthesis activity, 
was determined by the irrigation or by its withdrawal, and the stressed 
theses showed a progressive strong decrease of the values of 
photosynthesis in the last phases of the experiment.  
 
days 0 6 8 13 41 
C 0.21 a 0.23 a 0.29 a 0.26 a 0.25 a 
C S 0.21 a 0.21 ab 0.21 bc 0.19 b 0.05 b 
T 0.19 a 0.19 ab 0.21 b 0.18 b 0.21 a 
T S 0.19 a 0.17 b 0.17 c 0.17 b 0.06 b 
Tab. 43 – Stomatal conductance (mol H2O m
-2
 s
-1
) during drought stress simulation in greenhouse; 
rootstock 420A; C = control, C S = stressed control, T = treated, T S = treated stressed. Means (n = 
5). The data were subjected to one-way ANOVA; different letters indicate significantly different 
means (P<0.05); difference between means was determined with LSD test.  
 
0,00
5,00
10,00
15,00
1 3 5 7 9 11 14
Net photosynthesis
(μmol CO2 m
-2 s-1)
C
C  S
T
T  S
RESULTS AND DISCUSSION 
71 
 
 
 
days 0 6 8 13 41 
C 9.93 a 9.94 a 9.86 a 9.63 a 9.15 a 
C S 9.45 a 8.02 b 8.21 b 6.06 b 3.03 b 
T 9.62 a 9.29 a 9.36 ab 9.18 a 8.86 a 
T S 9.53 a 8.17 b 8.07 b 5.53 b 2.89 b 
Tab. 44 – Net photosynthesis (μmol CO2 m
-2
 s
-1
) during drought stress simulation in greenhouse; 
rootstock 420A; C = control, C S = stressed control, T = treated, T S = treated stressed. Means (n = 
5). The data were subjected to one-way ANOVA; different letters indicate significantly different 
means (P<0.05); difference between means was determined with LSD test.  
 
Free proline content was determined for three dates along the experiment in 
the greenhouse; results of the analysis are shown in tab. 45 and in fig. 18; 
while in the first date and in the third date of sampling values are similar, in 
the second date (08/23/10), the two stressed treatments (CS and TS) are 
significantly greater than the two not stressed (C and T) treatments, 
confirming known data about the accumulation of proline in grapevine 
leaves during the hardest period of water deficit. The stressed control - red 
line in fig. 18 (CS) – is significantly greater than the stressed treated – 
purple line (TS); these results confirm the possibility that treatment with A. 
brasilense can reduce the levels of proline in plants (Hamdia et al., 2004). 
It could be hypothesized that the bacterial treatment reduced the effects of 
water scarcity stress (namely, the accumulation of proline in the leaves). 
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 August 17
th
 August 23
rd
 September 23
rd
 
C 6.50 b 8.69 c 7.45 b 
C S 4.88 b 13.90 a 9.92 a 
T 5.12 b 8.28 c 8.39 ab 
T S 8.41 a 10.33 b 9.12 ab 
Tab. 45 - Free proline content in leaves (mg/kg fw) in three successive dates during drought stress 
simulation in greenhouse; rootstock 420A; C = control, C S = stressed control, T = treated, T S = 
treated stressed. Means (n = 3). The data were subjected to one-way ANOVA; different letters 
indicate significantly different means (P<0.05); difference between means was determined with 
LSD test. 
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Fig. 18 - Free proline content in leaves (mg/kg fw); rootstock 420A; C = control, C S = stressed 
control, T = treated, T S = treated stressed. Means (n = 3). 
 
The relative water content (RWC %), and the abscisic acid (ABA) content 
were determined in sampled leaves on 22
nd
 September, 43 days from the 
inception of the experiment (tab. 46 and fig. 19 and 20); there is a 
significant difference between C S and the other theses, being C S lower 
than the others for RWC, and C S greater than the others for ABA content 
(though not significantly as to the couple C S and C). These results could 
suggest that the water stress had lowered the RWC and augmented the 
ABA content in the control, but not in the treated plants, as if the bacterial 
treatment could protect leaves from the loss of water. It has to be remarked 
that unfortunately these results come from a late sampling (22
nd
 
September).  
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 RWC %  ABA ng/g 
C 93.8 a 2130 ab 
C S 90.9 b 2492 a 
T 95.0 a 1712 b 
T S 94.2 a 1493 b 
Tab. 46 – Relative water content (RWC) and abscisic acid (ABA) content (ng/g) of leaves during 
drought stress simulation in greenhouse (sampling of 09/22/10); rootstock 420A; C = control, C S = 
stressed control, T = treated, T S = treated stressed. Means: RWC n = 5; ABA n = 4. The data were 
subjected to one-way ANOVA; different letters indicate significantly different means (P<0.05); 
difference between means was determined with LSD test. 
 
 
 
Fig. 19 – RWC (%) in leaves during drought stress simulation in greenhouse (sampling of 
09/22/10); rootstock 420A; C = control, C S = stressed control, T = treated, T S = treated stressed. 
Means (n = 5). 
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Fig. 20 – ABA content (ng/g) in leaves during drought stress simulation in greenhouse (sampling of 
09/22/10); rootstock 420A; C = control, C S = stressed control, T = treated, T S = treated stressed. 
Means (n = 4). 
 
In summary, it is apparent, from the data here exposed, that in the treated 
plants, whether in open space or in greenhouse, the drought stress did not 
affect stomatal conductance, which did not change significantly between 
stressed and not stressed plants. On the contrary, the drought stress caused 
a neat reduction of stomatal conductance between stressed and not stressed 
control plants. In other words, it seems that the bacterial treatment could 
oppose to the effects of water scarcity stress. 
In the case of net photosynthesis as well, on the whole the drought stress 
had lesser effects on treated plants, because the reduction of this parameter 
due to the water scarcity was lesser in the treated potted vines than in the 
control. 
Shoots growth during the stress simulation was measured only in the case 
of potted vines in open space, because this simulation took place during the 
period of active vegetative growth of the plants. The results confirm the 
previously discussed findings: the treated plants did not lower significantly 
their growth when stressed.  
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CONCLUSIONS 
Nursery trials  
In both the conventional and organic nursery, the grafted cuttings which 
were treated with the bacterial sospension had, at the end of the grafted 
cuttings forcing, a significantly greater callus diameter in comparison to the 
not treated ones. Thus, the formation of callus after the graft and during the 
grafted cuttings forcing was favored by the bacterial inoculation; a good 
and sound callus formation is very important for the mechanical resistance 
of the graft union in the first phases of growth of the shoots and roots, 
when the differentiation of new vascular tissue has not yet completed. This 
positive result that was obtained in these experiments could be exploited at 
the nursery level as to the possible reduction of the period of forcing, 
because the bacterial treatment can trigger a more rapid deposition of callus 
tissue at the site of the graft wound. A reduction in time can lead to lower 
energy inputs and better timing of the nursery operations. 
The growth of treated vines in nurseries, measured as the total number of 
nodes per vine, was in general greater than control, though not statistically 
signicant (except for 775P in the conventional nursery – first year). It can 
be concluded that the bacterial treatment can create a more favorable 
environment for the grafted cuttings after transplanting into the soil.  
At the beginning of the experiments, the major parameter to be tested was 
thought to be the percentage of rooting, because the most important aim of 
these trials was to test the ability of the bacterial treatment to raise the 
rooting percentage of the rootstocks which can root scarcely; the response 
of the grafted cuttings in terms of this parameter was positive only in the 
first year for the rootstocks 161-49 and 775P (conventional nursery, 
treatment A), 140Ru (conventional nursery, treatment B), and 1103 P 
(organic nursery); the other rootstocks did not show any clear advantage of 
the bacterial treatment. Considering that 1103P has usually high rooting 
percentages and that for these characteristics it was tested as the control of 
the group V. Berlandieri X V.rupestris, it could be remarked that the effect 
of the bacterial treatment on rooting percentage has been positive only for 
161-49, 775P and 140Ru.  
In the second year, the very high rooting percentages which were reached 
in general for both types of nurseries, as previously stated, did not make 
possible to efficiently test the effects of the treatment. The quality of the 
root system is important as well as the rooting percentage. In the first year 
there was evidence for a positive effect of the bacterial treatment only for 
the organic nursery, while in the second year, for both the nursery types, 
the quality of the root has clearly been better in the treated vines than in 
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control. In particular, there has been a great increase in the number of roots 
and in the biomass for the rootstock 775P (conventional nursery). 
In general, it can be said that the treatment with A. brasilense Sp245 has 
effectively improved the process of nursery propagation of the tested 
rootstocks, in particular as to the following parameters: 
 callus formation during the grafted cuttings forcing; 
 growth of the vines after rooting; 
 quality of the root system. 
In addition, a good result has also been observed for the architecture of the 
root system, that has been more symmetric in the treated vines. Though, the 
positive results triggered by the bacterial treatment are not homogenous, 
and have not shown a clear constance for the two years. 
 
Greenhouse rooting trials with cuttings 
Rooting ability of 420A in pots was not better for treated grafted cuttings in 
comparison to control; nevertheless in this experiment leaves of the treated 
rooted grafted cuttings, during the subsequent growth, showed a stomatal 
conductance significantly lesser than the control, indicating that the 
bacterial treatment had spurred some plant defense mechanisms.  
Molecular and chemical analyses 
Isolation and characterization of bacterial endophytes 
The aim of these experiments was to trace the inoculated cells of A. 
brasilense Sp245 in the tissues of the propagation material; the results of 
isolation and molecular characterization of bacterial cells that were found 
in these tissues indicate that no Azospirillum cells were found, while a 
series of bacterial endophytes were found, living inside the grapevine 
tissues. Two isolates out of 18 belong to the species Agrobacterium 
tumefaciens, that is a grapevine pathogen, found in wood and in root. 
Considering that the propagation material ought to be sanitized, these 
findings suggest that important grapevine pathogens could escape the 
attempts to eradicate them. Other isolates belong to the genera 
Pseudomonas, Pantoea, and Bacillus (the latter being the only Gram-
positive); according to scientific literature, all of these have been found 
previously as endophytes of grapevine. Some of the isolated endophytes, 
on the contrary, are not so far known to be hosted by grapevine, namely 
Stenotrophomonas spp. and Lysobacter spp. The latter genus, in particular, 
could be very important for possible future programs of selection of 
candidate biocontrol agents in the grapevine propagation and in grapevine 
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cultivation, owing to its characteristic of producing one of the most studied 
and powerful bacterial antibiotics, 2,4–diacetylphloroglucinol (DAPG). 
Chemical analyses of roots and leaves samples 
The most important result as regards the chemical analyses of samples of 
roots and leaves of vines coming from the nursery trials has been the 
increase in total phenols content, which was seen in the treated material 
(roots and leaves) in comparison to control; dry matter content was as well 
greater in treated nursery material, but only in roots. This increase in 
phenolic compounds could be associated with induced plant defense, since 
the role of this class of chemical compounds in plant defence is well 
known. As to the increase in dry matter content, it can be considered as the 
result of a better general status of the roots, that is the most acknowledged 
effect of the treatment of plant with Azospirillum brasilense inoculations.  
Growth measurements and observations on vines 
In general, growth of the treated vines coming from the nurseries, whether 
as potted plants or as soil transplanted plants, has not showed a clear 
influence of the bacterial inoculation, even if the transplanted plants have 
often shown an increased growth in comparison to control.  
Drought resistance and simulation of drought stress 
Drought resistance 
Whether measured on leaves of potted vines or on leaves of field-
transplanted vines, the two parameters indicating stomatal aperture 
(stomatal conductance and net photosynthesis) are, as a whole, greater in 
control plants than in treated plants; in other words, the bacterial treatment 
has lowered the stomatal aperture. 
Simulation of drought stress 
In the “experiment 1” (potted vines in open spaces) the shoots growth of 
the treated plants, measured as increase of shoots length during the eight 
days of the experiment, did not vary owing to the water withdrawal, while 
the control plants decreased their growth when stressed. 
During the two experiments, stomatal conductance and net photosynthesis 
were repeatedly measured; in general, their values were significantly 
greater in control plants than in treated plants (except in the second 
experiment as regards net photosynthesis), confirming the above mentioned 
observed trend. As to the effect of bacterial treatment on drought stress 
plant response, it can be said that the stomatal conductance was not 
remarkably influenced by the stress simulation in treated plants; on the 
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contrary, the stressed control plants showed a remarkable decrease of this 
parameter with the water withdrawal. This tendency was partially 
confirmed as to net photosynthesis in the “experiment 1”. In the 
“experiment 2” ABA content and RWC were determined on 22nd 
September (43 days from the inception of the experiment); on this date, 
while stomatal conductance and net photosynthesis were largely influenced 
by the water stress (both parameters were significantly lesser in stressed 
plants), the water stress had lowered the RWC and augmented the ABA 
content in the control, but not in the treated plants, as if the bacterial 
treatment could protect leaves from the loss of water.  
Conclusive remarks  
When A. brasilense is applied to plants, numerous scientific papers in the 
last twenty years, spanning from the discovery of this species as a nitrogen-
fixing rhizobacterium to our days, maintain that the bacterial inoculation 
promotes plants growth, but rarely there have been attempts to demonstrate 
the biological and molecular mechanism that is causing this growth 
promotion. Different and several possible explanations have been 
proposed, from the production of phytohormones, that is the most frequent 
hypothesis, to nitrogen fixation, enhancement of mineral uptake, biological 
control. Surely the root apparatus is the physical place where the bacterium 
begins its positive influence on plant development, because bacterial cells 
colonize roots tissues, as in general rhizobacteria do in soils. The 
stimulation of plant root growth could be, if not an explanation itself, a first 
step that triggers a sequence of other physiological phenomena that involve 
the plant aerial part as well. Recently, a critical assessment by Bashan e de-
Bashan (Bashan and de-Bashan, 2010) has tried to sum up the different 
explanations as regards Azospirillum-mediated plant growth promotion, 
reviewing the major mechanisms proposed by several authors, and 
discussing them conclusively, with final remarks that point to the addictive 
hypothesis – a combination of various mechanisms - as the most credited. 
In that paper, some of the cited hypotheses refer to mitigation of stresses – 
spurred by the observation that often positive effects of the bacterium have 
been registered in sub-optimal soil and climate conditions - and to the 
production of a healthier plant by unknown mechanisms (a hypothesis that 
the authors consider as referring to the biological control). As to the ability 
of A. brasilense to induce systemic resistance in inoculated plants, the 
authors seem skeptical, even though an experiment is reported (Yasuda et 
al., 2009) about the ability of the endophyte Azospirillum sp. B510 to 
induce disease resistance against the fungus Magnaporthe oryzae and the 
bacterial pathogen Xanthomonas oryzae in rice. Probably, one of the 
reasons why the ability to induce systemic resistance in plants is not well 
recognized for A. brasilense, is that this bacterium is thought not to have 
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the gene that encodes for ACC deaminase, an enzyme which is capable to 
reduce endogenous amounts of ethylene in plants. This reduction is actually 
accounted for triggering or contributing to trigger a series of plant reactions 
against pathogens. In fact, this gene has been found recently in the genome 
of Azospirillum sp. B510, after completing the sequencing (Kaneko et al., 
2010); this achievement could lead to some new approaches, if not a 
revolution, in the scientific discussion about the mechanisms involved in 
Azospirillum plant promotion. Considering this complex background, the 
effects of A. brasilense Sp245 on grapevine stomatal closure that were 
observed in the present work could be attributed to a manifestation of ISR, 
together with other phenomena, such as the accumulation of phenols in 
roots and leaves (that was observed in this work as well). These effects 
have been comprised between the responses of plants to the recognition of 
MAMPs (Nicaise et al., 2009), giving a possible molecular mechanism – 
even if not yet completely known – to the induction of the resistance to 
biotic and abiotic stresses in plants (ISR and IST). According to this 
hypothesis, the high concentration of A. brasilense cells on the grafted 
cuttings surfaces is perceived by the plant as a biotic stress, thanks to 
recognition of some bacterial elicitors or MAMPs; these could be flagellin, 
the main protein sub-unit of the bacterial flagellum, or LPS from the 
bacterial membrane, or other not yet known substances. As regards the 
flagellin as possible bacterial elicitor in this context, some recent reports 
have intensely studied the effect of this compound in Arabidopsis. Using an 
epitope of flagellin – flg22 – some changes in the plant have been 
observed, including the possibility of trans-generation modifications of 
plant properties (Molinier et al., 2006). These studies indicate that a RK-
LRR protein, FLS2, is capable to recognize flg22, and is believed to 
promote the signalling pathway leading to plant response; orthologues of 
the gene that encodes for this protein, have been found in plants whose 
genome is known, including grapevine. The couple MAMP/PRR 
flagellin/FLS2 is one of the most studied interactions representative of the 
plant immune system model of Dangl and Jones (Jones and Dangl, 2006); 
according to this model, the responses invoved in this first layer of the 
plant immune system are not specific. They include strengthening of the 
cellular wall, deposition of callose, increase of phenolic compounds 
concentration in the root cortex tissue, stomatal closure. These changes can 
increase plant resistance to pathogens, developing ISR, or increasing plant 
tolerance to abiotic stresses (IST); they could involve epigenetic 
adaptations, that could be transmitted via mithosis or meyosis. 
Accordingly, there is the possibility that stable variations in the plant 
response to biotic and abiotic stresses could be propagated via vegetative 
multiplication, as subtle, nevertheless very important variations of the 
phenotype of renown varieties, such as the cv. Sangiovese, which was used 
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in this work. FLS2 protein, or some other unknown trans-membrane PRR, 
recognizes the bacterial elicitor, and promotes signal pathways that lead to 
the plant morphological and biochemical responses. In particular, in 
Arabidopsis, a prominent role of the flagellin receptor FLS2 in mediating 
stomatal response to Pseudomonas syringae pv tomato DC 3000 was found 
(Zeng and He, 2010). This hypothesis has to be verified by further 
research; it would be also highly desirable to improve our knowledge of the 
particular biochemical implications related to signalling pathways, in 
particular those concerning the endogenous phytohormones implications. 
Some of the plant responses are well known and described, such as the 
increase of phenolic compounds, and the stomatal closure. These plant 
reactions, that have been found in this work in grapevine grafted cuttings 
when treated with the bacterial inoculation, act as means of defence against 
pathogens attack. The increase in phenols concentration was measured in 
treated roots of rooted grafted cuttings; the decrease of stomatal 
conductance was found on leaves of treated potted vines in open space or in 
greenhouse, and on leaves of transplanted vines in a vineyard as well. The 
greater formation of callus in the grafted cuttings could be exploited in the 
nursery production practices, in order to speed up the process of grafted 
cuttings forcing, and to obtain a stronger mechanical junction between 
scion and rootstock. The increase of phenolic compounds in roots could 
protect plants from biotic stress, owing to the well known role of these 
substances in plants. The effect on the stomatal closure implies lesser loss 
of water during periods of drought; moreover, it could improve the plant 
resistance to pathogens stomatal invasion, the stomata being more 
frequently closed than normally. This effect of the bacterial treatment on 
grapevine could be of great importance for its putative application not only 
in nursery production, but also in field grape production, for its potential 
positive consequences over plant response to drought periods and to 
pathogenic attack.  
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